WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



mm 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07D 487/04, A61K 31/55 // (C07D 
487/04, 243:00, 209:00) 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/20011 

14 May 1998 (14.05.98) 



(21) International Application Number: PCT/US97/ 18918 

(22) International Filing Date: 22 October 1997 (22.10.97) 



(30) Priority Data: 

08/743,443 



1 November 1996(01.11.96) US 



(71) Applicant: AMERICAN HOME PRODUCTS CORPO- 

RATION [US/US]; Five Giralda Farms, Madison, NJ 
07940-0874 (US). 

(72) Inventors: TRYBULSKI, Eugene, John; 5 Lee Court, Prince- 

ton Junction, NJ 08550 (US). MOLINARI, Albert, John; 
1506 Johnathan Court, Princeton, NJ 08540 (US). BAGLI, 
Jehan, Framroz; 61 Sayre Drive, Princeton, NJ 08540 (US). 
ASHWELL, Mark, Anthony; 1015 Aspen Drive, Plainsboro, 
NJ 08536 (US). CAGGIANO, Thomas, Joseph; 350 Stock- 
ham Avenue, Morrisville, PA 19067 (US). 

(74) Agents: ALICE, Ronald, W.; American Home Products Cor- 
poration, Patent Law Dept. - 2B, One Campus Drive, Par- 
sippany, NJ 07054 (US) et al. 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO, RU, SD t SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent (GH, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: 3-CARBOX AMIDE DERIVATIVES OF 5H-PYRROLO[2,l-c][l,4]-BENZODIAZEPINES 



(57) Abstract 

This invention relates to tricyclic non-peptide vaso- 
pressin antagonists which are useful in treating conditions 
where decreased vasopressin levels are desired, such as in 
congestive heart failure, in disease conditions with excess 
renal water reabsorption and in conditions with increased 
vascular resistance and coronary vasoconstriction, the com- 
pounds having general structure (I). 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the,PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cflte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark: 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/20011 PCT/US97/18918 

-1 - 

3-CARBOX AMIDE DERIVATIVES 
pf gH-PYRRQLQ r2 1 1^1[l,41-BENZQDIAZEPTlSF.S 

This invention relates to new tricyclic non-peptide vasopressin antagonists 
5 which are useful in treating conditions where decreased vasopressin effects are desired, 
such as in congestive heart failure, in disease conditions with excess renal water 
reabsorption and in conditions with increased vascular resistance and coronary 
vasoconstriction. 

10 Background Qf the InvenfiQn 

Vasopressin is released from the posterior pituitary either in response to 
increased plasma osmolality detected by brain osmoreceptors or decreased blood 
volume and blood pressure sensed by low-pressure volume receptors and arterial 
15 baroreceptors. The hormone exerts its action through two well defined receptor 
subtypes: vascular Via and renal epithelial V2 receptors. Vasopressin-induced 
antidiuresis, mediated by renal epithelial V2 receptors, helps to maintain normal plasma 
osmolality, blood volume and blood pressure. 

20 Vasopressin is involved in some cases of congestive heart failure where 

peripheral resistance is increased. Via receptor antagonists may decrease systemic 
vascular resistance, increase cardiac output and prevent vasopressin induced coronary 
vasoconstriction. Thus, in conditions with vasopressin induced increases in total 
peripheral resistance and altered local blood flow, Vi a receptor antagonists may be 

25 therapeutically useful agents. Via receptor antagonists may decrease blood pressure, 
induce hypotensive effects and thus be therapeutically useful in treatment of some types 
of hypertension. 

The blockade of V2 receptors is useful in treating diseases characterized by 
30 excess renal reabsorption of free water. Antidiuresis is regulated by the hypothalamic 
release of vasopressin (antidiuretic hormone) which binds to specific receptors on renal 
collecting tubule cells. This binding stimulates adenylate cyclase and promotes the 
cAMP-mediated incorporation of water pores into the luminal surface of these cells. V2 



WO 98/20011 



PCT/US97/18918 



-2- 

antagonists may correct the fluid retention in congestive heart failure, liver cirrhosis, 
nephritic syndrome, central nervous system injuries, lung disease and hyponatremia. 

Elevated vasopressin levels occur in congestive heart failure which is more 
5 common in older patients with chronic heart failure. In patients with hyponatremic 
congestive heart failure and elevated vasopressin levels, a V2 antagonist may be 
beneficial in promoting free water excretion by antagonizing the action of antidiuretic 
hormone, On the basis of biochemical and pharmacological effects of the hormone, 
antagonists of vasopressin are expected to be therapeutically useful in the treatment 
10 and/or prevention of hypertension, cardiac insufficiency, coronary vasospasm, cardiac 
ischemia, renal vasospasm, liver cirrhosis, the syndrome of inappropriate anti-diuretic 
hormone secretion (SIADH), congestive heart failure, nephritic syndrome, brain 
edema, cerebral ischemia, cerebral hemorrhage-stroke, thrombosis-bleeding and 
abnomial states of water retention. 

15 

The following prior art references describe peptide vasopressin antagonists: 
M. Manning et aL, I Med . Chem .. 25, 382(1992); M. Manning et al., J. Med . 
Chem .. 2£, 3895(1992); H. Gavras and B. Lammek, U.S. Patent 5,070,187 (1991); 
M. Manning and W.H. Sawyer, U.S. Patent 5,055,448(1991) RE. Ali, U.S. Patent 
20 4,766,108(1988); R.R. Ruffolo et al, Drug News and Perspective, 4(4), 217, 
(May)(1991). PX>. Williams et al., have reported on potent hexapeptide oxytocin 
antagonists [J. Med . Chem .. 25, 3905(1992)] which also exhibit weak vasopressin 
antagonist activity on binding to Vi and V2 receptors. Peptide vasopressin antagonists 
suffer from a lack of oral activity and selectivity. Some exhibit partial agonist activity. 

25 

Non-peptide vasopressin antagonists have recently been disclosed, Y. 
Yamamura et al., $cienpe, 2^2, 579(1991); Y. Yamamura et al., Br. I. Pharmacol . 
105. 787(1992); J.D. Albright et al U.S. Patent 5,536,718A, U.S. Patent 
5,532,235A, U.S. Patent 5,516,774A, U.S. Patent 5,512,563A, U.S. Patent 
30 5,459,131A; A. Venkatessan et al. U.S. Patent 5,521, 173A; Ogawa et aL, (Otsuka 
Pharm Co., LTD.) EP 0514667-A1, EPO 382185-A2, WO 9105549 and 
U.S.5,258,510, WO 9404525; Yamanouchi Pharm.Co.,Ltd., WO 9420473, 
WO 9412476, WO 9414796; Fujisawa Co. Ltd., EP 620216-A1; Ogawa et al, 
(Otsuka Pharm. Co,). EP470514A disclose carbostyril derivatives and pharmaceutical 
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compositions containing the same. Non-peptide oxytocin and vasopressin antagonist 
have been disclosed by Merck and Co.; M.G. Bock and P.D. Williams, EP 0533242A; 
M.G. Bock et aL, EP 0533244A; J.M. Erb, D.F. Verber, P.D. Williams, EP 
0533240A; K. Gilbert et al., EP 0533243A. U.S. Patent 5,436,333 (Venkatesan et 
5 al.) teaches a process for the preparation of tricyclic heterocycles which are useful as 
intermediates in the production of cardiovascular agents. 

The present invention relates to novel tricyclic derivatives which exhibit 
vasopressin antagonist activity, in vitro at the V2 receptors and exhibit in vivo 
10 vasopressin antagonist activity. In addition these compounds possess enhanced water 
solubility when compared to previously described 3-acylpyrrolobenzodiazepine 
derivatives. 



Brief Description of the Invention 



15 



This invention relates to novel compounds selected from those of the general 



formula I: 




Re 

Formula I 



20 where 



R is selected from -OH, -NR^, -NHOR,, -NH-CCH^-COOH, 



— N 



i r 
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Rj and R 2 are, independendy, hydrogen or lower alkyl; 
R 3 is 



^(CH 2 )cr-N^ ' /(CH 2 )pr-[^^ ^ or ^CH 2 )p-|^N . 

X is CH 2 , NR P O, S; 
n is 1 to 4; 
p is 1 to 4; 
qis 2 to 4; 

R 4 and R 5 are, independently, selected from hydrogen, lower alkyl, halogen, 
cyano, trifluoromethyl, amino, hydroxy, or lower alkoxy; 
R 6 is a moiety of the formula: 



-C-Ar 

Ar is a moiety selected from 

R 7 and R 8 are independently selected from hydrogen, halogen, cyano, lower 
alkyl, lower alkoxy, hydroxy, or trifluoromethyl; 
Rg is a moiety of the formula: 

?■ f- f 

0 0 0 



R 10 is selected from C^C, cycloalkyl, cyclopentenyl, cyclohexenyl, or the 
moiety of the formula 
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5 



At' is a moiety selected from 

Ar" Ar" 

R11 Rii R n 

R n and R l2 are selected independently from hydrogen, F, CI, Br, cyano, lower 

alkyl, lower alkoxy, trifluoromethyl, phenoxy or substituted phenoxy as in the 
moiety 

R14 

10 wherein R 14 is selected from hydrogen, halogen, cyano, lower alkyl, lower alkoxy, 
hydroxy, or trifluoromethyl; 

Ar" is selected from 
1 . phenyl; 

15 2. a five membered aromatic (unsaturated) heterocyclic ring having 

one or two heteroatoms selected from N, O, S; 

3 . a five membered aromatic (unsaturated) heterocyclic ring having 
three or four nitrogen atoms; or 

4. a six membered aromatic (unsaturated) heterocyclic ring having 
20 one, two or three nitrogen atoms; 

and the Ar" may be optionally substituted with halogen, lower alkyl, hydroxy, 
lower alkoxy, or trifluoromethyl; or the pharmaceutical^ acceptable salts, esters or 
prodrug forms thereof. 



25 



For the purposes of this specification, lower alkyl is C x to C 6 , preferably C x to 
C 4 , straight or branched chain alkyl, such as methyl, ethyl, n-butyl, tert-butyl, and 
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lower alkoxy is C x to C 6 , preferably C x to C 4 , straight or branched chain alkyloxy, 
such as methoxy, ethoxy, n-butoxy, or tert-butoxy. Halogen is fluorine, chlorine, 
bromine, or iodine. Cycloalkyl refers to C3 to Cj monocyclic cycloalkyl moieties. 



It will be further understood that the definition for R 3 , above, includes moieties 
of the following structures: 



It will be understood that the Ar" substituents of this invention which are five 
membered aromatic (unsaturated) heterocyclic ring having one or two heteroatoms 
selected from N, O, S include, but are not limited to, thienyl, furyl, pyrrolyl, pyrazolyl, 
oxazolyl, thiazolyl, isothiazolyl, isoxazolyl, and imidazolyl groups. The Ar" groups 
15 comprising a five membered aromatic (unsaturated) heterocyclic ring having three or 
four nitrogen atoms include the triazole and tetrazole moieties. The Ar" groups 
comprising a six membered aromatic (unsaturated) heterocyclic ring having one, two or 
three nitrogen atoms include, but are not limited to, pyridyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, 1,2,3-triazine, 1,2,4-triazine, and 1,3,5-triazine groups. 



Among the more preferred compounds of this invention are those having the 
following Formula I: 



5 





10 



20 




O 



R 



Formula I 



wherein 
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R is selected from -OH, -NR,R 3 , -NH-(CH 2 )-COOH, 



R, and Rj are, independently, hydrogen or lower alkyl; 
R 3 is 

^(CH 2 )q)-N (CH^p-L- j. 

5 R 2 N 

X is CHj, NR„ O, S; 
n is 1 to 4; 
qis 2 to 4; 

R 4 and R s are independently selected from the group of hydrogen, lower alkyl, 
10 halogen, amino, hydroxy, cyano, trifluormethyl, or lower alkoxy; 

R 6 is a moiety of the formula: 

O 

II 

-C-Ar 

Ar is a moiety selected from 




15 R 7 and R 8 are independently selected from hydrogen or halogen; 

is a moiety of the formula: 



? 1 



On 0 
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10 



R, 0 is a moiety of the Ar" formula: 



Ar 



Ar' is a moiety selected from 
Ar" 




or 



•I 

Rii 



R„, R J2 are selected independently from hydrogen, F, Br, CI, or lower alkyl; 
Ar' ' is selected from phenyl or a five membered aromatic (unsaturated) 
heterocyclic ring having one or two heteroatoms selected from N, O, S; 
or a pharmaceutical^ acceptable salt, ester or prodrug form thereof. 

Even more preferred compounds of this invention are those of the formula: 

0= 




wherein R is selected from OH, NR,R 3 or 



15 



R, is 



r~\ 

— N N— Ri 




or 



0 



Rio 
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R 10 is 2-Ar"-cyclopentenyl; 

and R„ R 2 , R 3 , R 6 , R 7 , R 9> R 10 , R n , R 12 , X, n, p, q, Ar, Ar\ and Ar" are as 
defined in the most generic group, above, and more preferably, as. defined in 
5 the subgeneric group, above; or the pharmaceutically acceptable salts, esters or 

prodrug forms thereof. 

PefaiM Dgscriptign pf thg Tnygntipn 

10 The present invention comprises the compounds described above, as well as 

pharmaceutical compositions containing the compounds and one or more 
pharmaceutically acceptable carriers, excipients, etc. This invention also comprises 
methods for treating conditions in a mammal, preferably in a human, where decreased 
vasopressin effects are desired, the methods comprising administering to a mammal in 

15 need thereof a therapeutically effective amount of one or more of the compounds of this 
invention. 

The compounds of the present invention can be used in the form of salts derived 
from pharmaceutically or physiologically acceptable acids or bases. These salts 

20 include, but are not limited to, the following: salts with inorganic acids such as 
hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and, as the case may be, 
such organic acids as acetic acid, oxalic acid, citric acid, tartaric acid, succinic acid, and 
maleic acid. Other salts include salts with alkali metals or alkaline earth metals, such as 
sodium, potassium, calcium or magnesium or with organic bases. The compounds can 

25 also be used in the form of esters, carbamates and other conventional "pro-drug" forms, 
which, when administered in such form, convert to the active moiety in vivo . When 
the compounds are employed for the above utilities, they may be combined with one or 
more pharmaceutically acceptable excipients or carriers, for example, solvents, diluents 
and the like, and may be administered orally in such forms as tablets, capsules, 

30 dispersible powders, granules, or suspensions containing, for example, from about 
0.05 to 5% of suspending agent, syrups containing, for example, from about 10 to 
50% of sugar, and elixirs containing, for example, from about 20 to 50% ethanol, and 
the like, or parenterally in the form of sterile injectable solutions or suspensions 
containing from about 0.05 to 5% suspending agent in an isotonic medium. Such 
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pharmaceutical preparations may contain, for example, from about 25 to about 90% of 
the active ingredient in combination with the carrier, more usually between about 5% 
and 60% by weight. 

5 The effective dosage of active ingredient employed may vary depending on the 

particular compound employed, the mode of administration and the severity of the 
condition being treated. However, in general, satisfactory results are obtained when the 
compounds of the invention are administered at a daily dosage of from about 0.5 to 
about 500 mg/kg of mammal body weight, preferably given in divided doses two to 

10 four times a day, or in a sustained release form. For most large mammals the total daily 
dosage is from about 1 to 100 mg, preferably from about 2 to 80 mg. Dosage forms 
suitable for internal use comprise from about 0.5 to 500 mg of the active compound in 
intimate admixture with a solid or liquid pharmaceutically acceptable carrier. This 
dosage regimen may be adjusted to provide the optimal therapeutic response. For 

15 example, several divided doses may be administered daily or the dose may be 
proportionally reduced as indicated by the exigencies of the therapeutic situation. 

These active compounds may be administered orally as well as by intravenous, 
intramuscular, or subcutaneous routes. Solid carriers include starch, lactose, dicalcium 

20 phosphate, microcrystalline cellulose, sucrose and kaolin, while liquid carriers include 
sterile water, polyethylene glycols, non-ionic surfactants and edible oils such as corn, 
peanut and sesame oils, as are appropriate to the nature of the active ingredient and the 
particular form of administration desired. Adjuvants customarily employed in the 
preparation of pharmaceutical compositions may be advantageously included, such as 

25 flavoring agents, coloring agents, preserving agents, and antioxidants, for example, 
vitamin E, ascorbic acid, BHT and BHA. 

The preferred pharmaceutical compositions from the standpoint of ease of 
preparation and administration are solid compositions, particularly tablets and hard- 
30 filled or liquid-filled capsules. Oral administration of the compounds is preferred. 

These active compounds may also be administered parenterally or 
intraperitoneally. Solutions or suspensions of these active compounds as a free base or 
pharmacologically acceptable salt can be prepared in water suitably mixed with a 
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surfactant such as hydroxypropylcellulose. Dispersions can also be prepared in 
glycerol, liquid polyethylene glycols and mixtures thereof in oils. Under ordinary 
conditions of storage and use, these preparations contain a preservative to prevent the 
growth of microorganisms. 

5 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersions. In all cases, the form must be sterile and 
must be fluid to the extent that easy syringability exits. It must be stable under 
10 conditions of manufacture and storage and must be preserved against the contaminating 
action of microorganisms such as bacterial and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol (e.g., glycerol, propylene 
glycol and liquid polyethylene glycol), suitable mixtures thereof, and vegetable oil. 

15 As mentioned above, the new tricyclic non-peptide vasopressin antagonists of 

this invention are useful in treating conditions where decreased vasopressin effects are 
desired, such as in congestive heart failure, in disease conditions with excess renal 
water reabsorption and in conditions with increased vascular resistance and coronary 
vasoconstriction. 

20 

In particular, the vasopressin antagonists of this invention are therapeutically 
useful in the treatment and/or prevention of hypertension, cardiac insufficiency, 
coronary vasospasm, cardiac ischemia, renal vasospasm, liver cirrhosis, the syndrome 
of inappropriate anti-diuretic hormone secretion (SIADH), congestive heart failure, 
25 nephritic syndrome, brain edema, cerebral ischemia, cerebral hemorrhage-stroke, 
thrombosis-bleeding and abnormal states of water retention. 

This invention also provides processes for preparing compounds of the general 
formula I as defined above. More particularly this invention provides a process for 
30 preparing a compound of formula I which comprises one of the following: 

a) reacting a compound of formula: 
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where R4, R5 and Rg are as defined above, and hal is a halogen, eg chlorine 
5 with a amine of formula 

HNZ1Z2 

wherein -NZ^, may be -NR^, NHOR^ -NH-(CH 2 ) n -COOH, 




10 wherein n, X, Rj, R 2 and R3 are as defined above, 

to give a corresponding compound of formula I wherein R is as defined 
above; 

or 

15 

b) treating a compound of formula: 
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where 1*4, R 5 and Rg are as defined above, and hal is a halogen, eg chlorine, 

with aqueous base to give a corresponding compound of formula I wherein R 
is OH; 

5 or 



c) acylating a compound of formula: 



10 




15 wherein R7 and R8 are as defined above, with an acid of formula 

"°Y* H0 Y R '° H °Y^ A ' 

or a reactive derivative thereof, eg acid halide or anhydride, 
and to give a corresponding compound of formula I wherein R9 is as defined 
20 hereinabove. 

Compounds, of this invention, 3-acylated pyrrolobenzodiazepine derivatives 2 
(Scheme I), may be prepared using two procedures from a common 3- 
trihalomethylketone derivative (e.g. 4). The synthesis of this intermediate and it's 
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precursor have been described (EP 636625 A2). Reaction of the 3-trihalomethylketone 
derivative 4 directly with a primary or secondary amine provides the desired product 2. 
Alternately, the 3-trihalomethylketone derivative 4 is treated with aqueous base, such as 
sodium hydroxide, to obtain, on acidification, the corresponding carboxylic acid 5- 

5 The carboxylic acid group may be activated for coupling by conversion to an acid 
chloride, bromide or anhydride or by first reacting with an activating reagent such as 
]N,N-dicyclohexylcarbodiimide, diethyl cyanophosphonate and related activating 
reagents used in "peptide amide bond" formation . The method of activating the acids is 
chosen on the basis of compatibility with other substituent groups in the molecule. 

10 One example may be the treatment of acid 5 with oxalyl chloride/dimethylformamide to 
afford the acid chloride 6 which when treated with a primary or secondary amine, 
provides the desired product 2. wherein -NZ x Z 2f may be -NRjR 3 , NHOR^ -N- 
(CH^-COOH, 



N 



/ \ 

i r 






or 




15 




N 



R 2 » N 
X is CH 2 , NR„ O, S; 



20 



n is 1 to 4; 
p is 1 to 4; 
qis 2 to 4; 
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Scheme I 




The 3-trihalomethylketone derivative 4 is obtained by the acylation of the 3- 
position of the pyrrolobenzodiazepine 2 using the appropriate trihaloacetyl halide 
reagent The 3-unsubstituted compound 2. may be either a fully assembled target 
compound where R 17 is selected from R 6 of Formula I or an intermediate where R 17 



R? R 7 



is 




In the case where R 17 is 
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R? R 7 

Rs or R 8 



the compound can be prepared by following the procedures described in Scheme n, 
followed by the appropriate steps in Scheme I. 

5 Compounds of general formula 4a and 4b may be prepared as shown in 

Scheme II. Reaction of tricyclic derivative 1 with a substituted or unsubstituted 4- 
nitroaryl carbonyl chloride or 6-nitropyridine-3-carbonyl chloride gave intermediate £a 
or 8b. Reduction of the nitro group in the intermediates 8a and &t> afforded the 
corresponding amino derivatives 9a and 2b. The reduction of the nitro group in £a and 

10 may be carried out under conditions of catalytic reduction (i.e. hydrogen/Pd/C, 
hydrazine-ethanol /Pd/C) or under chemical reduction conditions (i.e. stannous 
chloride/ethanol, zinc/acetic acid-titanium trichloride) or related reduction conditions 
known in the art. The conditions for the conversion of nitro to amino group are chosen 
on the basis of compatibility with the preservation of the other functional groups in the 

15 molecules. 

The pyridine and aryl carboxylic acid reagents 

HCL Ai" HCL .Rto HO s 



>Y Y j* - 



are activated for coupling by conversion to an acid chloride, bromide or anhydride or 
by first reacting with an activating reagent such as N,N-dicyclocarbodiimide, diethyl 
20 cyanophosphonate and related activating reagents used in "peptide amide bond" 
formation . The method of activating the acids for coupling to the tricyclic derivatives 
2a and 2b is chosen on the basis of compatibility with other substituent groups in the 
molecule. The method of choice is the conversion of the carboxylic acids to the 
corresponding acid chlorides. The acid chlorides 

°v A ' c 'y r '° "y^" 

O 0 o 

25 may be prepared by standard 

procedures known in the art, such as reaction with thionyl chloride, oxalyl chloride and 
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the like. The coupling reaction is carried out in halogenated solvents such as 
chloroform, dichloromethane, ethereal solvents such as dioxane, tetrahydrofuran or 
hydrocarbon solvents such as toluene in the presence of pyridine or tertiary amine bases 
such as triethylamine and the like Alternatively, acid chlorides, prepared from the 
5 carboxylic acids, may be reacted with derivatives 2a and 9b in pyridine with or without 
4-(dimethylamino)pyridine to afford compounds 10a and 10b . 

Reaction of compounds of formula 2a and 2b with aroyl, arylacetyl, or 
cycloalkenyl carbonyl chloride or the corresponding activated carboxylic acids; in 

10 halogenated solvents such as chloroform, dichloromethane, ethereal solvents such as 
dioxane, tetrahydrofuran or hydrocarbon solvents such as toluene; in the presence of a 
tertiary amine base such as triethylamine, diisopropylethylamine or pyridine and the like 
affords the derivatives IQa and 10b . The reaction of derivatives 10a and IQb with 
trihalomethylacyl chloride in an inert solvent such as chloroform, dichloromethane or an 

15 ethereal solvent such as tetrahydrofuran between 0° and the reflux temperature of the 
solvents affords the trihalomethyl ketone derivatives 4a and 4k 
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Scheme II 



9a, 




An alternate sequence of steps can be utilized to prepare the title compounds as shown 
in Scheme lib. Reduction of the nitro group in the intermediates 12a and 12b . wherein - 
NZ,Z 2 , may be -NR,R 3 , NHOR,, -N-(CH 2 ) n -COOH,and R 7 and R g are independently 
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selected from hydrogen, halogen, cyano, lower alkyl, lower alkoxy, hydroxy, or 
trifluoromethyl afforded the corresponding amino derivatives 12a and 12fc. The 
reduction of the nitro group in 12a and 12b may be carried out under conditions of 
catalytic reduction (i.e. hydrogen/Pd/C, hydrazine-ethanol /Pd/C) or under chemical 

5 reduction conditions (i.e. stannous chloride/ethanol, zinc/acetic acid-titanium 
trichloride) or related reduction conditions known in the art. The conditions for the 
conversion of nitro to amino group are chosen on the basis of compatibility with the 
preservation of the other functional groups in the molecules. Acylation of amino 
derivatives 12a and 13k with the appropriately substituted and activated pyridine and 

10 aryl carboxylic acids afforded the target compounds 14a and 14b _ 
The pyridine and aryl carboxylic acid reagents 



by first reacting with an activating reagent such as N,N-dicyclocarbodiimide, diethyl 
15 cyanophosphonate and related activating reagents used in "peptide amide bond" 

formation . The method of activating the acids for coupling to the tricyclic derivatives 
13a and 12b is chosen on the basis of compatibility with other substituent groups in the 
molecule. The method of choice is the conversion of the carboxylic acids the 
corresponding acid chlorides. The acid chlorides 



may be prepared by standard procedures known in the art, such as reaction with thionyl 
chloride, oxalyl chloride and the like. The coupling reaction is carried out in solvents 
such as halogenated hydrocarbons, toluene, xylene, tetrahydrofuran, or dioxane in the 
presence of pyridine or tertiary amine bases such as triethylamine and the like 
25 Alternatively, acid chlorides prepared from the carboxylic acids, may be reacted with 
derivatives 13a and 12h in pyridine with or without 4-(dimethylamino)pyridine to 
afford compounds 14a and 14b . 




are activated for coupling by conversion to an acid chloride, bromide or anhydride or 
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Scheme lib 




Alternatively the intermediates I (Scheme III) may be converted to the more 
5 reactive fluoride derivatives 15. The reaction of 15 with a substituted amine NHR l (Rj= 
lower alkyl) gives the corresponding aminonicotinyl derivatives 16. Acylation of these 
derivatives 1£ leads to the target molecule 17. This compound can be treated with 
trihalomethyl acetyl chloride to give corresponding products of formula 4b of Scheme 
II. 



10 
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Scheme III 




Rr-jr -j-R 8 
Sr^NHR, 



16 



O^V^S O 

R7 ~i i: R8 X 

V'N^Ar 
I 



17 



Ri 



As an alternative method for the synthesis of compounds of this invention as 
depicted in Formula I where R 6 is as shown below 




v./ 



-R 9 



or 



'Ar where Ar is 




Coupling of pyridyl or aryl carboxylic acids of general formula 18 with the tricyclic 
derivatives I will give target compounds 20, which when reacted with trihalomethyl 
acetyl chloride gives the intermediate 4 of Scheme I. 



10 The pyridine and aryl carboxylic acids are activated for coupling by conversion 

to an acid chloride, bromide or anhydride or by first reacting with an activating reagent 
such as N,N-dicyclocarbodiimide, diethyl cyanophosphonate and related activating 
reagents used in "peptide amide bond" formation . The method of activating the acids 
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18 for coupling to the tricyclic derivatives 1 (Scheme IV) is chosen on the basis of 
compatibility with other substituent groups in the molecule. The method of choice is 
the conversion of the carboxylic acids 18 to the corresponding acid chlorides 19. The 
acid chlorides 12 may be prepared by standard procedures known in the art, such as 
5 reaction with thionyl chloride, oxalyl chloride and the like. The coupling reaction is 
carried out in halogenated solvents such as chloroform, dichloromethane, ethereal 
solvents such as dioxane, tetrahydrofuran or hydrocarbon solvents such as toluene in 
the presence of pyridine or tertiary amine bases such as triethylamine and the like 
(Scheme IV). Alternatively, acid chlorides 1£, prepared from the carboxylic acids, may 
10 be reacted with derivatives 1 in pyridine with or without 4-(dimethylamino)pyridine. 

In general, when the acids 18 are activated with "peptide type" activating 
reagents, higher temperatures are required than when the acid chlorides are used. 



Scheme IV 




15 



20 
X = C,N 




HO, 




The acids 



O 



(represented in part by 22, 2£, 22) may be 



prepared by the methods shown in Scheme V. 
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Me02C 




n=l,2 

n = l,2 n = l,2 



An aryl (or heteroaryl) borane, borate, magnesium, trialkyltin, or zinc reagent is 
coupled to an aryl 2L or pyridyl 2d compound, where Q is selected from bromine, 
iodine, fluorosulfonate or trifluoromethylsulfonate and R u is hydrogen, fluorine, 
5 chlorine or bromine, using a zerovalent palladium or nickel catalyst in the presence or 
absence of coordinating ligands such as triphenylphosphine and an organic or inorganic 
base. The resulting methyl bis aryl (heteroarylaryl) 22 or arylpyridyl 
(heteroarylpyridyl) 25. compound can then be oxidized using reagents such as KMn0 4 
to provide the corresponding carboxylic acids 23. and 26. Derivatives of 22 and 26 
10 where R n is lower alkyl can be prepared by treatment of the methyl ester of 22 and 26. 
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where R n is bromine with the corresponding lower alkylborane in the presence of a 
zerovalent palladium catalyst. 

In the case of cycloalkyl moiety, compound 2£, the material can be prepared 
5 starting from the appropriate ketoester 22> Reaction of keto ester 27 with phosphorous 
trihalide (bromo, iodo) or triflic anhydride, for example, affords the corresponding B- 
halo or B-trifluoromethylsulfonate compound 28. Compound 21£ can be reacted with an 
aryl (heteroaryl) borane, borate, magnesium, trialkyltin or zinc reagent in the presence 
of a zerovalent palladium or nickel catalyst and an organic or inorganic base to give the 
10 target compound 29 as the ester. Hydrolysis of the ester moiety in 29 with an alkali 
metal hydroxide in an aqueous alcohol or ether solvent provides the carboxylic acid 22. 

Alternatively, compound of general formula I can be elaborated as shown in 
Scheme VI where J is selected from B(OH) 2 , Sn(lower alkyl) 3 , R 16 is selected from 
15 Br, I, OS0 2 CF 3 , and Ar" is selected as defined above. 
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Scheme VI 




Intermediate 2Q can be coupled to an aryl tin or boron reagent under the 
conditions of Stille or Suzuki, respectively, using zerovalent palladium in the presence 
5 or absence of coordinating ligands and a base to give compounds of general formula 
21 

The present invention will be further understood in view of the following non- 
limiting examples. 

10 
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gXAMPLE l 

10-r2-Chloro-4-f5-fliioro-2-methvl-benzovIamin oVben7ovn-10.11- 
dihvdro>5H-Dvrrolor2,l-c1fl.41benzodia7epine-3-carboxvlic acid 

5 

Step a) N-{3-Chloro-4-[3-(trichlorocarbonyl)-(5H,llH- 

pyrrolo[2,l-c][l,4]benzodiazepin-10-carbonyl]-phenyl}-5*fluoro-2- 

methyl-benzamide 

10 A suspension of N-[3-chloro-4-(5H,l lH-pyrrolo[2,l-c][l,4]benzodiazepin-10- 

carbonyl)-phenyl]-5-fluoro-2-methyl-benzamide (4.73 g, 10 mmol) in dichloromethane 
(300 ml) was stirred at room temperature with trichloroacetyl chloride (1.81 g, 10 
mmol) for 6 hours under nitrogen. A second equivalent of trichloroacetyl choride (L81 
g, 10 mmol) was added, and the reaction stirred at room temperature overnight. After 

15 dilution with dichloromethane (500 ml), the reaction mixture was filtered through a 
silica gel plug (2x), and the filtrate evaporated in vacuo to a residue. The residue was 
redissolved in dichloromethane (300 ml), washed with 0.5N sodium hydroxide and 
water, and dried (MgS04). Filtration through a silica gel plug (2x), and evaporation of 
the filtrate in vacuo afforded 6.2 g (10 mmol) of the 3-trichlormethyl ketone as a tan 

20 amorphous powder, which was used without further purification in Example 1, step b. 

Step b) 10-[2-Chloro-4-(5-fluoro-2.methyl-benzoylamino)- 
benzoyI]-10,ll-dihydro-SH-pyrrolo[2,l-c][l,4]benzodiazepine-3- 
carboxylic acid 

25 

N- { 3-Chloro-4- [3-(trichlorocarbonyl)- (5H, 1 lH-pyrrolo[2, 1 -c] [ 1 ,4]-benzo- 
diazepin-10-carbonyl]-phenyl}-5-fluoro-2-methyl-benzamide (1.22 g, 2 mmol) was 
stirred in acetone (5 ml) under nitrogen at room temperature for 45 minutes with 2.5 N 
sodium hydroxide (1.6 ml, 4 mmol). The reaction mixture was neutralized to pH 7.0 
30 with 2N HC1 (2 ml, 4 mmol). After addition of water (10 ml), the precipitate was 
filtered, washed sequentially with cold water, ethanol, and diethyl ether to afford, after 
air-drying, a crude product as a colorless powder (750 mg, 72%). Recrystallization of 
the crude product from methanol- water (3:1, 10 ml) afforded, after drying in vacuo at 
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25*C for three hours, 600 mg (1.2 mmol) of the title compound as homogeneous 
colorless crystalline solid, m.p. 218°C (dec). MS (+FAB), m/z: 520/518 (M+H). 

Analysis for: C28H21CIFN3O4 ■ 0.62 H2O 
5 Calcd: C, 63.55; H, 4.24; N, 7.94. 
Found: C, 63.53; H, 4.21; N, 7.82. 

EXAMPLE 2 

10 10-r2-Chloro-4-(5-fliioro-2.methvl-ben/ovlamino)-hen zovll-10.n- 
dihvdro.5H-pvrrolor2.1.ciri.41heny.odiazeDine-3-carhoxvlic acid. 

potassium salt QjD 

A suspension of the product of Example 1, step b, 10-[2-Chloro-4-(5-fluoro-2- 
15 methyl-benzoylamino)-benzoyl]-10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine- 
3-carboxylic acid (517 mg, 1 mmol), in methanol (10 ml) was treated with IN 
potassium hydroxide (1 ml, 1 mmol), and filtered. After evaporation of the solvent ia 
vacuo, the residue was redisssolved in acetone (50 ml), refiltered (2x), and 
concentrated to a smaller volume (20 ml). Addition of diethyl ether and cooling 
20 afforded, after filtration of the solid and drying in vacuo at 70°C for three hours, 270 
mg (0.49 mmol) of the potassium salt of the acid as a slightly colored amorphous 
powder, m.p. 195-205°C. 

MS (+FAB), m/z: 520/518 (M+H)- 
25 Analysis for: C28H20CIFKN3O4 3.2 H2O. 
Calcd: C, 60.48; H, 3.63; N, 7.56. 
Found: C, 59.22; H, 4.03; N, 7.30. 
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EXAMPLE 3 

N-(3.Chloro.4.r3.fN'. N'.dimethvl.hvdrazinocarbonvl^H.IIH. 
Dvrrolori.l-ciri.^hcn/odiazeDine-IO.carhonvn.nhenvn.S.fliioro.l. 
5 methYl-benzamjde 

N-{3-Chloro-4-[3-(trichlorocarbonyl)-(5H,llH-pyrrolo[2,l-c][l,4]benzo- 
diazepin-10-carbonyl]-phenyl}-5-fluoro-2-methyl-benzamide (1.86 g, 3 mmol) was 
stirred under nitrogen with excess N, N-dimethylhydrazine (5 ml) for 3 hours at 60*C. 

10 The excess N, N-dimethylhydrazine was removed under high vacuum. The residue 
was dissolved in ethyl acetate, filtered through a short silica gel plug, and the filtrate 
evaporated in vacuo, to afford 1.63 g (2.9 mmol, 97%) of a crude product. 
Purification by flash column chromatography on silica gel (150 g), and eluting with 
ethyl acetate, afforded, after drying in vacuo at 25*C overnight, 1.15 g (2.1 mmol) of 

15 the tide compound as a light yellow amorphous powder, retaining 0.33 mole of ethyl 
acetate, m.p. 133-135°C. 

MS (-ESI), m/z: 560/558 (M-H)-- 
Analysis for: C30H27CIFN5O3 • 0.33 C4 H8 O2. 
20 Calcd.: C.63.85; H, 5.07; N, 11.88. 
Found: C, 63.17; H, 5.10; N, 11.77. 

EXAMPLE 4 

25 2.rri0-r2-Chloro-4-rr5-fluoro-2.methvlbenzovnaminolhen7.ovn-10.11. 
dihdro-5H-Dvrrolof2.1-ciri.41benzodiazeDin-3.vllcarbonvll-1.1.1. 

trimefhvlhvdrazinium iodide 

The product of Example 3, N-{3-Chloro-4-[3-(N\ N'-dimethyl- 
30 hydrazinocarbonyl)-5H ) llH-pyrrolo[2,l-c][l,4]benzodiazepine-10-carbonyl]-phenyl}- 
5-fluoro-2-methyl-benzamide (700 mg, 1.25 mmol) was treated with excess 
iodomethane (5 g, 35 mmol) in dichloromethane (100 ml) and stirred under nitrogen at 
room temperature for 60 hours. The precipitate was filtered, and washed sequentially 
with cold dichloromethane and diethyl ether to afford, after drying in vacuo at 25 *C 
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overnight, 700 mg (1.0 mmol) of the title compound as a colorless amorphous powder, 
m.p. (188) 193 e C. 

MS (-ESI), m/z: 828 (MI+I)- 

MS (+FAB), m/z: 574 (M+H)+ 

5 

Analysis for: C31H30CIFIN5O3 • H2O • 0.6 CH2CI2. 
Calcd: C, 49.23; H, 4.34; N, 9.08; I, 16.47. 
Found: C, 48.83; H, 4.00; N, 9.11; 1, 17.02. 

10 EXAMPLE 5 

2.rri0-r2-Chloro-4.r(5-fluoro.2.methvlbenzovnamino1hen7ovll-10.11. 
dihvdro-5H-Pvrrolor2.1.cin.41heny.odia/epin.3.vllh vdroxvmethvlenPl. 
1.1.1-trimethvlhvdrazinimn inner salt 

15 

The product of Example 4, 2-[[10-[2-Chloro-4-[(5-fluoro-2-methylbenzoyl)- 
amino]bnezol]-10,ll-dihydro-5H-pyrrolo {2,l-c][l,4]benzodiazepin-3-yl]carbonyl]- 
1,1,1-trimethylhydrazinium iodide (400 mg, 0,57 mmol), was treated with 0.1N 
sodium hydroxide (5.7 ml, 0.57 mmol) in a mixture of methanol-water (10 ml : 10 
20 drops). After concentration in vacuo , additional water was added. The precipitate was 
filtered, and washed sequentially with water, cold methanol, and diethyl ether to afford, 
after drying in vacuo at 25*C for 5 hours, 160 mg (0.28 mmol) of the title compound as 
a colorless amorphous powder, m.p. 255°C. MS (+ESI), m/z: 576/574 (M+H)+- 

25 Analysis for: C3iH29ClFN503 : 

Calcd: C, 64.86; H, 5.09; N, 12.20. 
Found: C, 63.44; H, 5.09; N, 12.15. 
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PXAMPLE Q 

N-r5-r3-trichl oromethv1car bnvn-r5H-Dvrrolo>r2.1-r1,n.41, 
benzdiazapin-10fllH)-v11cnrbonvn-2-chIorophenvl1-2-DhenvIben7amide 

5 

To a stirred solution of 2-phenyl-N-[4-(5H-pyrrolo[2,l-c][l,4]benzodiazepin- 
10(llH)-yl-carbonyl]2-chlorophenyl]-benzamide (5.00g, 9.7 mmol) in dichloro- 
methane (55 ml) under nitrogen, was added N,N-diisopropylethylamine (3.39 ml, 19.4 
mmol), followed by trichloroacetyl chloride (3.25 ml, 29.1 mmol) dropwise over 5 

10 minutes. The reaction mixture was allowed to stir overnight at room temperature. Hie 
reaction mixture was washed three times with water. The combined water extract were 
backwashed with dichloromethane, and the organic extract dried and solvent removed 
to yield crude product (8.05g). Crystallisation from ethyl acetate-hexane yielded pure 
product (5.12g). An analytical sample obtained from recrystallisation had mp 168-170°. 

15 MS (+ESI), m/z: 663 M + . 

Analysis for: C^H^NjOs 
Calcd: C, 61.56; H, 3.49; N,: 6.33. 
Found: C, 61.28; H, 3.22; N,: 6.32. 

20 

EXAMPLE 7 

10-l4-r(Biphenv-2>carbonvl)>amino1>2>chloro-benzovlV10.11-dihvdro- 
5H-benzore1nvrrolon«2-ain.41 diazepine-3-carhoxvlic acid 

25 

To a solution of N-[5-[3-trichloromethycarbonyl]-[5H-pyrrolo-[2,l-c]-[l,4]- 
benzodiazapin-10(HH)-yl] carbonyl-2-chlorophenyl]-2-phenylbenzamide (2.24g, 3.4 
mmol) in acetone (22 ml) was added aqueous sodium hydroxide (2.48 ml, 2.5N, 6.2 
mmol) and the reaction stirred at room temperature for 1.25 hours. The reaction was 
30 acidified with HQ (3.47 ml, 2N) and the solvent was removed under vacuum. The 
residue was partitioned between ethyl acetate- water, dried and the solvent was removed 
to yield crude product (2.41 g). Tritutration with ether-hexane yielded a solid (1.9g). A 
sample was crystallised from chloroform-methanol-ether mp 216-218. MS (+FAB), 
m/z: 562/564 (M+H)\ 
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5 



25 



Analysis for: C^H^^C^ 
Calcd: C, 70.52; H, 4.30; N, 7.48. 
Found: C, 69.25; H, 4.39; N, 7.14. 



EXAMPLE 8 



10-f4-r(BiDhenvl-2-cnrbonvIVaniino1-2-chtoro-ben7Ov1VlQ,ll-dihvdro- 
5H-ben7orelDvrrolon.2-an.41diaxenine>3-carboxvlic acid-1.1- 

10 ^im^thyihY^rayi^g 

To a suspension of of N-[5-[3-trichloromethycarbonyl]-[5H-pyrrolo-[2,l-c]- 
[l,4]-benzodiazapin-10(llH)-yl]carbonyl-2-chlorophenyl]-2-phenylbenzamide 
(0.94 lg, 1.5 mmol) in dichloromethane (2 ml) was added 1,1-dimethylhydrazine (1.1 

15 ml, 15 mmol) and the reaction stirtred for 24 hours. The solid went into solution and 
later turned to a suspension. The solvent was evaporated and the excess hydrazine 
removed in vacuo. The residue was purified using slilica gel column chromatography 
in methanol-ethyl acetate (1:20) and product eluted with the same solvent to yield 0.8 g 
of compound. Two crystallisations from methanol-ether gave 0.454g of pure product 

20 mp 173-176. MS (+FAB), m/z: 604 (M+H)+. 

Analysis for: C^H^^Os 
Calcd: C, 69.59; H, 5.01; N, 11.59. 
Found: C, 69.40; H, 5.01; N, 11.60. 



EXAMPLE 9 



10-f4-rfBiphenvl-2-carbonvl)-aminol-2-chloro>benzovn-10.1 1-dihvdro- 
5H«benzore1pvrroIori,2-afL41dia/epine-3-carboxvlic acid-piperazine- 
30 N-methvl amide 



Method A A suspension of the carboxylic acid (Example 7) (4g, 7.12 mmol) in 
dichloromethane (27 ml) and dimethylformamide (0.66 ml, 8.54 mmol) was cooled to 
about 0-5° under nitrogen. Oxalyl chloride (0.75 ml, 8.54 mmol) in dichloromethane (3 
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ml) was gradually added. The mixture was stirred at room temperature for 1.5 hours. 
To a solution of N-methylpiperazine (3.2 ml, 28.5 mmol), in dichloromethane (30 ml) 
containing diisopropylethylamine (7.45 ml, 42.72 mmol) was added the freshly 
prepared solution of the acid chloride drop wise over about 15minutes under nitrogen. 
5 The reaction was allowed to stirr for 1.5 hours at room temperature. The mixture was 
diluted with dichloromethane (20 ml) and mixture was washed with water, 5% sodium 
bicarbonate, and 25% saline. The aqueous extract was backwashed with 
dichloromethane and the combined organic solution was dried and the solvent removed 
under vacuum to give crude product (5.8 g). The residue was purified by silica gel 

10 column chromatography (140g) in methanol-ethyl acetate (1:20). The product was 
eluted with methanol-ethylacetate (1:10) to give pure compound as off white foam. A 
sample (0.97g, 1.51 mmol) dissolved in a mixture of methanol-ether (1:1, 6 ml) and 
methanolic hydrogen chlorde (IN, 2 ml, 1.96mM) was added. After stirring for 45 
minutes all the solvent was removed in vacuo . The residue was triturated overnight with 

15 ether containing few ml of methanol. The resulting amophous solid was filtered to give 
the crude hydrochloride salt (0.876g). A reprecipitation from ethanol-ether gave 
(0.516g)ofthesalt. MS(EI)m/z: 604(M+H)+. 

Analysis for: CI N 5 0 3 . HQ. 1.5 H 2 0 

20 Calcd: C, 64.44; H, 5.22; N, 9.89. 
Found: C, 64.15; H, 5.39; N, 9.61. 

Method B To a suspension of the product of Example 7 (2.0 g, 3.56 mmol) in 
dichloromethane (150 ml) was added successively N-methyl piperizine (0.414 ml, 
25 3.74 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide HC1 (0.716 g, 3.74 
mmol), and 4-dimethylaminopyridine (cat.). The reaction was stirred at room 
temperature for 36 hours, diluted with dichloromethane, washed with water, NaOH 
(IN), brine, and dried (MgS0 4 ). Purification by flash chromatography (silica gel; 
eluting solvent chloroform-methanol 50:1 then 20:1) gave a white foam (1.55 g). 

30 
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EXAMPLE 10 

10-f4-rfBiDhenvl-2-carhonvl)-aminol-2-chIoro-henzovl>.10. 11-dihvdro- 
5H-Dvrrolor2.1-cU1.41ben/odiay.eDine-3-carboxvlic acid (2- 
5 dimethYlamino-ethyO-methvl-amide 

The compound of Example 10 was prepared in the same manner as described in 
Example 9 Method A except that N-methylpiperazine was replaced by N,N,N'- 
trimethyethylene-diamine. The title compound was obtained as off white amorphous 
10 solid. m.p. 100-120°, MS (+FAB), m/z: 646 (M+H) + . 

EXAMPLE 11 

BiphenvN2.carhoxvlic acid{3.chloro.4.r3.M.nineridinv1.piperidine.1. 
15 carbonvn-5H.llH-nvrrolor2.1-ciri.41benzodiazepine.10-carhonvn- 

phenyl)-amide, 

The compound of Example 1 1 was prepared in the same manner as described in 
Example 9 Method A except that N-methylpiperazine was replaced by 4-piperidnyl- 
20 piperidine. The title compound was obtained as off white amorphous solid mp 209- 
219°. MS (+FAB), m/z: 712/714 (M+H)\ 

example n 

25 Biphenvl-2-carboxvlic acidf3.chloro.4-r3-(4-dimethvlamino-pineridine. 
l-carbonvn.5H.llH-pvrrolor2J.cin.41henzodiazenine-10.carhonvll. 

phenylj-amide, 

The compound of Example 12 was prepared in the same manner as described in 
30 Example 9 Method A except that N-methylpiperazine was replaced by 4-dimethylamino- 
piperidine. The tide compound was obtained as brown amorphous solid, m.p. 138- 
152°. MS (+FAB), m/z: 672 (M+H)\ 
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Analysisfor: C w H 3t CI N 5 0 3 . HC1.H 2 0 
Calcd: C, 66.04; H, 5.64; N, 9.63. 
Found: C, 65.22; H, 5.49; N.9.32. 

5 EXAMPLE 1? 

Biphenvl-2-carhoxvlic acidn-chloro-4-r3.M.methvl.ninera7.ine.l 
aminocarbonvn.5H.11H.nvrrolor2.1.cin.41hen7odiazenine.1Q. 
carbonvll-DhenvU-amide. 

10 

The compound of Example 13 was prepared in the same manner as described in 
Example 9 Method A except that dimethylhydrazine was replaced by 4-N-methyl-N- 
amino piperazine. The title compound was obtained as pale yellow solid, m.p.172- 
182°, MS (+FAB), m/z: 660 (M+H) + . 

15 

EXAMPLE 14 

10-(4-rfBiphenvl-2-carbonvn-amino1-2-chloro.henzovn-10.11.dihvdro- 
5H-pvrrolor2.1-c1fl.41benzodiazepine-3-carhoxvlic acid (2- 
20 dimethvlamino-ethvn .amide 

The compound of Example 14 was prepared in the same manner as described in 
Example 9 Method A except that N-methylpiperazine was replaced by N,N-dimethyl- 
ethylene-diamine. The title compound was obtained as a white solid m.p. 85-94. MS 
25 (+FAB)m/z: 632(M+H) + . 

Analysis for: C3 7 H 34 C1N 5 0 3 . 2 H 2 0 
Calcd: C, 66.45; H, 5.69; N, 10.47. 
Found: C, 64.57; H, 5.50; N, 9.28. 

30 
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RX AMPLE 15 

Biphenvl.2-cnrhoxvlic acirtn-chloro-4 J3.(4-morpholino.niperidine.1. 
carbonvn.5H.llH.pvrrolor2.1.cin.41benzodiazepine.l0.carhonvn. 
5 phenyl)-amide, 

The compound of Example 15 was prepared in the same manner as described in 
Example 9 Method A except that N-methylpiperazine was replaced by 4-morpholino- 
piperidine. The tide compound was obtained as amorphous solid. MS (+FAB), mfz: 
10 714 (M+H) + . 

EXAMPLE 16 

10.f4.r(Biphenvl-2.carbonvn.nmino1-2-methoxv.ben7.ovn-in. 11. 
15 dihvdro-5H-benxore1ovrrolori.2-an.41dia/epine-3-carhoxvlic acid 

piperazine-N-roethy» amjdg 

Step a) 2-Methoxy-4-nitrobenzoic acid methyl ester 

20 Thionyl chloride (13.9 ml, 190 mmol) was added, via syringe, to a solution of 

4-nitro-2-methoxybenzoic acid (50 g, 250 mmol) and methanol which was stirred at 
room temperature. The reaction was stirred at room temperature for 16 hours. The 
volatiles were removed in vacuo . The residue dissolved in dichloromethane, washed 
with (IN) sodium hydroxide, and the organic layer separated and dried (MgS0 4 ). 

25 Evaporation in vacuo gave a light yellow solid (50 g) mp 80-81°C, which was taken 
directly to the next step. 



30 



Analysis for: C 9 H 9 N0 5 

Calcd: C, 51.19; H, 4.30; N, 6.63. 

Found: C, 50.97; H, 4.11; N, 6.51. 
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Step b) 4-Amino-2-methoxy-benzoic acid methyl ester 

A mixture of 2-methoxy-4-nitrobenzoic acid methyl ester (12 g, 57 mmol), 
palladium (10% on activated carbon), and ethanol (150 ml) was shaken at room 
5 temperature under 50psi of hydrogen for 2 hours. The reaction was filtered through 
diatomaceous earth, and the diatomaceous earth washed with chloroform. Evaporation 
of the chloroform washings gave a yellow solid. Purification by crystallization gave a 
light yellow crystalline solid (8.76 g) mp 148-149°C. 

10 Analysis for: G> H u N0 3 

Calcd: C, 59.66; H, 6.12; N, 7.73. 
Found: C, 59.42; H, 6.02; N, 7.69. 

Step c) 4-[(BiphenyI-2-carbonyl)-amino]-2-methoxy-benzoic acid 
15 methyl ester 

Into a refluxing solution of 2-biphenylcarboxylic acid (9.2 g, 46 mmol) in 
dichloromethane was added dimethylformamide (0.1 ml, 1.4 mmol) and then neat 
oxalyl chloride (8.1 ml, 92 mmol) via syringe. The reaction was refluxed for 10 

20 minutes, then the volatiles removed in vacuo . The residue was redissolved in 
dichloromethane, concentrated and dried under high vacuum for 15 minutes. The acid 
chloride was dissolved in dichloromethane (50 ml) and added into a 0°C solution of 4- 
amino-2-methoxy-benzoic acid methyl ester (8.4 g, 46 mmol), diisopropyl ethylamine 
(10.5 ml, 60 mmol) and dichloromethane (200 ml). The reaction was warmed to room 

25 temperature and stirred for 16 hours. The reaction was diluted with dichloromethane, 
washed with water, (IN) sodium hydroxide (IN) hydrochloric acid, and brine, and 
dried (MgS0 4 ). Evaporation gave a yellow foam, which was crystallized from 
methanol to give a light yellow solid (16.08 g) m.p. 141-142°C 

30 Analysis for: H 19 N 0 4 

Calcd: C, 73.12; H, 5.30; N, 3.88. 
Found: C, 72.93; H, 5.20; N, 3.83. 
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Step d) 4-[(BiphenyI-2-carbonyl)-amino]-2-methoxy-benzoic acid 

Sodium hydroxide (IN) (38 ml, 38 mmol) was added to a refluxing solution of 
4-[(biphenyl-2-carbonyl)-amino]-2-methoxy-benzoic acid methyl ester (11.6 g, 32 
5 mmol) in methanol (200 ml). The reaction was refluxed for 2 hours. The volatiles 
were removed in vacuo and the residue taken into ethyl acetate/HCl (aq). The aqueous 
layer was re-extracted with ethyl acetate, and the organic extracts combined and dried 
(MgS0 4 ). Evaporation gave a pale orange foam, which was crystallized from methanol 
to give a white solid (9.33 g) mp 158-159°C. 

10 

Analysis for: H 17 N 0 4 
Calcd: C, 72.61; H, 4.93; N, 4.03. 
Found: C, 72.20; H, 4.61; N, 3.96. 

15 Step e) [3-Methoxy-4-(5H,llH-pyrro!o[2,l-c][l,4]benzodiazepine- 
10-carbonyl)-phenyl]-biphenyI-2-carboxylic acid -amide 

Into a refluxing solution of 4-[(biphenyl-2-carbonyI)-amino]-2-methoxy- 
benzoic acid (3.29 g, 9.5 mmol) and dichloromethane (50 ml) was added 

20 dimethylformamide (0.02 ml, 0.28 mmol) and then neat oxalyl chloride (0.87 ml, 10 
mmol) via syringe. The reaction was refluxed for 10 minutes and then the volatiles were 
removed in vacuo . The residue was evaporated with fresh dichloromethane and then 
dried under high vacuum for 15 minutes. The acid chloride was dissolved in 
dichloromethane (50 ml) and added to a 0°C solution of 10,1 l-dihydro-5H-pyrrolo[2,l- 

25 c][l,4]benzodiazepine (1.57 g, 8.55 mmol), N,N-diisopropylethylamine (1.93 ml, 
12.35 mmol) and dichloromethane (200 ml). Hie reaction was warmed to room 
temperature and stirred for 2 hours. The reaction mixture was diluted with 
dichloromethane, washed with water, (IN) sodium hydroxide, (IN) hydrochloric acid, 
and brine, and dried (MgS0 4 ). Evaporation gave a yellow foam, which was 

30 crystallized from methanol to give a white solid (2.05 g) mp 224-226°C. 

Analysis for: C 33 H 27 N 3 0 3 
Calcd: C, 76.87; H, 5.35; N, 8.07. 
Found: C, 76.82; H, 5.23; N, 8.04. 
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Step f) N-[5-[3-trichloromethylcarbonyI]-[5H-pyrroIo-[2,l-c]- 

[l,4]-benzdiazapin-10(llH)-yI]carbonyI]-2-methoxyphenyl]-2- 

phenylbenzamide 

5 

To a solution of the product of Step e from Example 357 (2.5 g, 4.87 mmol) in 
dichloromethane (50 ml) at 0°C was added trichloroacetyl chloride (1.09 ml, 9.74 
mmol) via syringe, and the reaction was stirred at room temperature for 4 hours. The 
reaction was diluted with dichloromethane, washed with sodium bicarbonate and brine, 
10 and the organic extracts were dried (MgSOJ. Evaporation and filtration of the residue 
through a silica gel pad followed by washing with ethyl acetate/ hexane 1/1, gave the 
desired product as a white foam (1.5 g) m.p. 139-143°C. 

Analysis for: C^H^ C1 3 N 3 O 4 +0.25 H20. 
15 Calcd: C,63.36; H,4.03; N,6.33. 
Found: C63.05; H,4.03; N,6.21. 

Step g) 10-{4-[(Bipheny-2-carbonyl)-amino]-2-methoxy benzoyl)- 
10,ll-dihydro-5H-benzo[e]pyrrolo[l,2-a][l,4] diazepine-3-carboxylic 
20 acid 

Sodium hydroxide (IN) (2.0 ml, 1.92 mmol) was added to a room temperature 
solution of N-[5-[3-trichloromethylcarbnyl]-[5H-pyrrolo-[2,l-c]-[l,4]-benzdiazapin- 
10(llH)-yl]carbonyl]-2-methoxyphenyl]-2-phenylbenzamide (0.8 g, 1.2 mmol) in 
25 tetrahydrofuran (10 ml), and the reaction stirred for 1.5 hours. Hydrochloric acid (IN) 
was added and the reaction was diluted with ice. The volatiles were remove d in vacuo 
and the white solid was filtered and dried to give (0.8 g) of the titled comppound mp 
149-151°C. 

30 Analysis for: C 34 H 27 N 3 0 5 

Calcd: C/70.21; H,5.14; N, 7.22. 
Found: C/70.20; H,4.89; N, 7.31. 
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Step h) 10-(4.[(BiphenyI-2-carbonyI)-amino]-2-methoxy-benzoyl)- 
10, ll-dihydro-5H-benzo[e]pyrrolo[l,2.a[l,4]diazepine-3-carboxyIic 
acid-piperazine-N-methyl-amide 



5 A solution of 10-{4-[(bipheny-2-carbonyl)-amino]-2-methoxybenzoyl)-10,ll- 

dihydro-5H-benzo[e]pyrrolo[l,2-a][l,4] diazepine-3-carboxylic acid (0.434 g, 0.778 
mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.157 g, 0.817 
mmol), 4-dimethylaminopyridine (cat.), and N-methyl piperazine (.091 ml, 0.817 
mmol) in dichloromethane was stirred at room temperature for 3.5 hours. The reaction 
10 was diluted with dichloromethane, and washed with water and brine. The organic 
extracts were dried (MgS0 4 ) and concentrated to give a white foam. Purification by 
flash chromatography (silica gel; eluting solvent chloroform-methanol 50:1 then 20:1) 
and crystallization from ethanol gave a white solid (0.23 g) m.p. 139-140°C 



15 Analysis for: C 39 H 37 N 5 0 4 + 1 .0 H 2 0 
Calcd: C, 71.21; H, 5.98; N, 10.65. 
Found: C, 71.25; H, 5.99; N, 10.64. 

EXAMPLE 17 

20 

10.f4-rfBiphenvl>2-carbonvn-amino1-2-methoxv»benzovl>-10Jl- 
dihvdro>5H-benzorelDvrrolori.2-arL41diazepine-3>carboxvlic acid-1.1- 

dimethvlhvdra/ide 



25 To a solution of the product of Step h from Example 16 (1.0 g, 1.947 mmol) in 

dichloromethane (20 ml) at 0°C was added trichloroacetyl chloride (0.434 ml, 3.89 
mmol) via syringe, and the reaction was stirred at room temperature for 4 hours. The 
reaction was diluted with dichloromethane, washed with sodium bicarbonate and brine, 
and the organic extracts dried (MgS0 4 ). Evaporation and filtration of the residue 

30 through a silica gel pad, washing with ethyl acetate-hexane 1:1, gave the trichloroketone 
as a white foam when concentrated. The foam was dissolved in neat N,N- 
dimethylhydrazine at room temperature, and then heated at reflux for 25 minutes. The 
volatiles were removed in vacuo , and the residue adsorbed onto silica gel and purified 
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by flash chromatography (during solvent ethyl acetate-hexane 1:1 then ethyl acetate- 
methanol 4:1). Crystallization from ethanol gave a tan solid (0.23 g) m.p. 164-165°C. 

Analysis for: C^H^ N 5 0 4 + 1.0 H 2 0 
5 Calcd: C, 70.0; H, 5.7 1 ; N, 1 1 .34. 
Found: C, 70.01; H, 5.62; N, 11.29. 

EXAMPLE 18 

10 10.(4.rfBiDhenvl-2.cnrbonvn-aminol-2-chloro-hen7.ov n-10.11-dihvdro- 
5H-Dvrrolor2.1-cin.41benxodiazenine-3-carhoxvlic acid fplvpvl). amide 

The compound of Example 18 was prepared in the same manner as described in 
Example 8, except that dimethylhydrazine was replaced by t-butyl glycine as the 
15 reactant. The resulting t-butyl ester (0.725 g) of the tide compound thus obtained was 
hydrolysed by treatment with formic acid (2.3ml) at room temperature for 48 hours to 
yield the tide compound as white amorphous solid mp.176-186. MS (ESI) m/z 617 (M- 
H)+. 



20 



Analysis for: C36H30N4O6 
Calcd: C: 67.9, H:4.40, N: 9.05. 
Found C: 66.51, H: 4.23, N:8.44. 
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10-r2-Chloro-4-f2-thionhen-2-vI-ben/ovlamino)-benzovl1-10.11- 
dihvdrQ>5H-Dvrrolor2.1-cin.41ben/odiazeDine-3-carboxvlic acid-U- 
5 ^imethylhYtlraziflg 

N-[3-ChIoro.4-(5H,llH.pyrrolo[2,l-c][l,4]benzodiazepine-10. 
carbonyl)-phenyl]-2-thiophen-2-yl-benzamide 

10 Step a) 2-Bromobenzoyl chloride 

To a solution of bromobenzoic acid (L88 g, 9.35 mmol) in anhydrous 
tetrahydrofuran (20 ml), under nitrogen, was added 1 drop of dimethylformamide 
followed by addition of oxalyl chloride (1 ml, 1 1.4 mmol). The mixture was stirred at 
15 room temperature until gas evolution ceased and then heated to reflux. The solution 
was cooled to ambient temperature before being concentrated in vacuo to produce a gold 
oil (1.87 g) which was used without further purification. 

Step b) 2-Bromo-N-[3-chloro.4.(10,ll-dihydro-5H-pyrrolo[2,l- 
20 c][l,4]benzodiazepine-10-carbonyl)-phenyl]-benzamide 

To a stirred solution of 10,ll-dihydro-10-(2-chloro-4-aminobenzoyl)-5H- 
pyrrolo[2,l-c][l,4]benzodiazepine (2.25 g. 6.66 mmol) in dichloromethane (40 ml), 
under nitrogen, was added triethylamine (1.19 ml, 8.53 mmol). The mixture was 

25 cooled to 0°C before a solution of 2-bromobenzoyl chloride (1.87 g, 8.52 mmol) in 
dichloromethane (20 ml) was added dropwise. The cooling bath was removed and 
stirring was continued for 14 hours. The reaction mixture was poured into water. The 
organic layer was separated and sequentially washed with water, saturated aqueous 
sodium bicarbonate, and water before being dried (Na2S04). The material was filtered 

30 and concentrated in vacuo to yield a pale orange foam (2.00 g). Purification by flash 
chromatography on silica gel with hexane-ethyl acetate (1:1) as the mobile phase 
resulted in a white powder (1.39 g), m.p. 188-189°C MS (EI),m/z; 519 (M + ). 
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Analysis for: C2 6 H 19 BrClN 3 0 2 + 0.5 H 2 0 
Calcd: C, 58.93; H, 3.80; N, 7.93 
Found: C, 59.12; H, 3.62; N, 7.75 

5 Step c) N-[3-ChIoro-4-(5H,llH-pyrrolo[2,l-c][l,4]benzo- 
diazepine-10-carbonyI)-phenyI]-2-thiophen-2-yl-benzamide 

The 2-bromo-N-[3-chloro-4-(10Jl-dihydro-5H-pyrrolo[2,l-c] [l,4]benzo- 
diazepine-10-carbonyl)-phenyl]-benzarnide (1.04 g, 2.0 mmol), thiophene-2-boronic 

10 acid (0.32 g, 2.4 mmol), and barium hydroxide octahydrate (0.88 g, 2.8 mmol) were 
suspended in ethylene glycol dimethyl ether (28.8 ml) and water (4.8 ml). The 
heterogeneous mixture was stirred at ambient temperature and purged with nitrogen for 
ten minutes before bis(triphenylphosphine)palladium (II) chloride (0.17 g, 0.24 mmol) 
was added and the reaction was placed under a static pressure of nitrogen. The reaction 

15 was heated in an oil bath at 70°C After 20 hours, additional thiophene-2-boronic acid 
(0.13 g, 1 mmol) was added to the reaction. After 24 hours of total reaction time, 
additional bis(triphenylphosphine>palladium(II)chloride (84 mg, 0.12 mmol) was 
added to the reaction flask. The reaction was cooled to room temperature and the 
mixture was extracted into benzene. The combined organic extracts were washed with 

20 brine, dried (MgS0 4 ), filtered and concentrated in vacuo to yield a brown solid (1.42 
g). The solid was triturated with ethyl acetate and filtered. The filtrate was purified by 
flash chromatography using silica gel with hexane-ethyl acetate (1:1) as the mobile 
phase to afford a pale yellow solid which was dried under vacuum at 78°C for two days 
(0.59g),m.p. 132-136°C. MS (EI),m/z: 523 (M*). 

25 

Analysis for: C 30 H 22 ClN 3 O 2 S + 0.5 H 2 0 
Calcd: C, 67.53; H, 4.36; N, 7.88 
Found: C, 67.53; H, 4.08; N, 7.90 
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Step d) N-{3.Chloro-4-[3-(trichlorocarbonyl).(5H,llH.pyrro!o- 
[2,1-c] [1,4] benzodiazepine- 10-carbonyl]-phenyI}-2-thiophen-2-yl- 
benzamide 

5 The product of step C was convened to the corresponding trichloroketone 

according to the protocol outlined in step A of Example 1. 

Step e) 10-[2-Chloro-4-(5-thiophen-2-yl-benzoylainino)-benzoyl]- 
10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxylic acid 

10 

The trichloroketone prepared in step D was hydrolyzed to the title acid according 
to the protocol outlined in step B of Example 1 

Step f) 10-[2-ChIoro-4-(2-thiophen-2-yl-benzoylainino)-benzoyl]- 
15 10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxylic acid- 
1,1-dimethyIhydrazide 

The trichloroketone prepared in step D reacted with N, N dimethyl hydrazine 
according to the protocol in Example 8. 

20 

EXAMPLE 20 

10>r2-Ch»oro-4-f3-pvridin-2-vl-ben/ovlaniino)>ben7Ovl1-10.11-dihvdro- 
5H-nvrro1or2J-cin.41ben/odiazeDine-3-carboxvHc acid-pjperazine-N- 
25 methyl amulg 

N-[3-Chloro-4-(5H,llH-pyrrolo[2,l-c][l,4]benzodiazepine-10-carbonyI)- 
phenyI]-3-pyridin-2-yl-benzamide 

30 Step a) The compound of Example 20a was prepared in the same manner as 
described in Example 19 following the steps 19a, 19b In Step 19a, 2-(pyridin-3-yl)- 
benzoic acid was substituted for 2-bromobenzoic acid. Preparation of 2-(pyridin-3-yl)- 
benzoic acid was carried out in the manner of Timari, et al (Chem. Ber. 1992, 125, 
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929) substituting 3-bromopyridine in place of 2-bromopyridine. The title compound 
was obtained as an off-white powder (0.21 g) m.p. 155-158°C 

Analysis for: C 31 H 23 C1N 4 0 2 + 0.85 H 2 0 
5 Calcd: C, 69.68; H, 4.66; N, 10.49 
Found: C, 69.69; H, 4.70; N, 10.16 

N.{3.Chloro-4-[3-(trichlorocarbonyI).(5H,llH-pyrrolo[2,l-c][l,4]. 
benzodiazepine- 10-carbonyI)-phenyI}-3-pyridin-2-yI-benzamide 

10 

Step b) The product of step A was converted to the corresponding trichloro- 
ketone according to the protocol outlined in step A of Example 1. 

10-I2-Chloro-4-(3-pyridin-2-yl-benzoylamino)-benzoyl]-10,ll-dihydro- 
15 5H-pyrrolbl2,l-c][l,4]benzodiazepine-3-carboxyIic acid 

Step c) The trichloroketone prepared in step B was hydrolyzed to the title acid 
according to the protocol outlined in step B of Example 1. 

20 10-[2-Chloro-4-(3-pyridin-2-yl-benzoylamino)-benzoyI]-10,ll-dihydro- 
5H-pyrroIo[2,l-c][l,4]benzodiazepine-3-carboxyIic acid-piperazine-N- 
methyl amide 



Step d) The acid prepared in step C was convened into an amide using method 
25 A of Example 9. 
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EXAMPLE ?1 

10-r2-Chloro-4-f4-nvridin-2-vl-ben/ovl^^^ 

5H-Dvrrolor2.1>ciri.41benzodiaxepine-3-carboxvlic acid f2- 
5 dimethvlamino-ethvO-methvI-amide 

N-[3-ChIoro-4.(5H,llH-pyrrolo[2 > l.c][l,4]benzodiazepine-10- 
carbonyl)-phenyl]-2-pyridin-4-yl-benzamide 

10 Step a) The compound of Example 21a was prepared in the same manner as 
described in Example 19 following steps 19a and 19b. In Step 19a, 2-(pyridin-4-yl)- 
benzoic acid was substituted for 2-bromobenzoic acid. Preparation of 2-(pyridin-4-yl)- 
benzoic acid was carried out in the manner of Timari, et al (Chem. Ber. 1992, 125, 
929) substituting 4-bromopyridine hydrochloride and an additional equivalent of base in 

15 place of 2-bromopyridine. The title compound was obtained as a pale yellow solid 
(1.21 g) rap. 165-168°C 

Analysis for: C 31 H 23 C1N 4 0 2 + 0.47 H 2 0 
Calcd: C, 70.59; H, 4.57; N, 10.62 
20 Found: C, 70.58; H, 4.50; N, 10.33 

N-{3-ChIoro-4-[3-(trichlorocarbonyl)-(5H,llH-pyrrolo[2 > l- 
c][l,4]benzo-diazepine-10-carbonyl)-phenyl}-2-pyridin-4-yNbenzamide 

25 Step b) The product of step A was converted to the corresponding trichloro- 
ketone according to the protocol outlined in step A of Example 1. 

10-[2-Chloro-4-(4-pyridin-2-yl-benzoylamino)-benzoyI]-10,ll-dihydro- 
5H-pyrro!o[2,l-c][l,4]benzodiazepine-3-carboxylic acid 

30 



Step c) The trichloroketone prepared in step B was hydrolyzed to the title acid 
according to the protocol outlined in step B of Example 1. 
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10-[2-ChIoro-4-(4-pyridin-2-yI-benzoylarnino)-benzoyl]-10,ll-dihydro- 
5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxyIic acid (2- 
dimethyIaminoethy])-methyl-amide 

5 Step d) The acid prepared in step c was converted into its 2- dimethyl amino- 
ethyl-methyl amide according to the protocol in example 10 

EXAMPLE 22 

10 1042>Ch1oro-4>f2-pvridi n-2-vl-benxovlamino)-ben/ovl1-10.11>dihvdro- 
5H-pvrrolor2J-ciri.41ben/odia7epine-3-carboxvlicacid>DiDera7ine-N- 

methyl amide 

N-[4-(3-Methoxy-5H,llH-pyrroIo[2,l-c][l,4]benzodiazepine-10- 
15 carbonyl)-phenyl]-2-pyridin-2-yl-benzamide 

Step a) 2-Methoxy-4-[(2-pyridin-2-yIbenzoyl)amino] benzoyl 
chloride 

To a solution of 2-methoxy-4-[(2-pyridin-2-ylbenzoyl)amino]benzoic acid (0.92 g, 
20 2.64 mmol) in anhydrous tetrahydrofuran (25 ml), under nitrogen, was added ldrop of 
dimethylformamide followed by addition of oxalyl chloride (0.28 ml, 3.17 mmol). The 
mixture was stirred at room temperature until gas evolution ceased. The solution was 
concentrated in vacuo to produce a tan solid (1.16 g) which was used without further 
purification. 

25 

Step b) N.[4-(3-Methoxy.5H,llH-pyrrolo[2,l.c][l,4]benzo- 
diazepine-10-carbonyl)-phenyI]-2-pyridin-2-yl-benzamide 

To a stirred solution of 10,1 l-dihydro-5H-pyrrolo[2,l-c][ 1,4] benzodiazepine (0.405 g. 
2.20 mmol) in dichloromethane (30 ml), under nitrogen, was added triethylamine (0.37 
30 ml, 2.64 mmol). The mixture was cooled to 0°C and a solution of the crude 2- 
methoxy-4-[(2-pyridin-2-ylbenzoyl)amino]benzoyl chloride (1.1 6g) in dichloromethane 
(30 ml) was added dropwise. After 5 hours the reaction mixture was poured into 
water. The organic layer was separated and sequentially washed twice with water and 
aqueous sodium bicarbonate, and once with water and dried (Na 2 S0 4 ). The material 
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was filtered and concentrated in vacuo to yield a marron solid (1.1 g). Purification by 
flash chromatography on silica gel with hexane-ethyl acetate-methlyene chloride, 
methanol (3:6:2:0.5) as a mobile phase, followed by concentration under vacuum, 
resulted in a pale purple solid (0.88 g), m.p. 138-140°C. MS (FAB),m/z; 515 (M+H). 

5 

Analysis for: C 32 H 26 N 4 0 3 + 0.43 H 2 0 
Calcd: C, 73.58; H, 5.18; N, 10.73. 
Found: C, 73.59; H, 5.05; N, 10.47. 

10 N-O-Chloro^-IS-arichlorocarbonylJ^SHaiH-pyrroloIZ^-clll^]. 
benzodiazepine- 10-carbonyl)-phenyl}-2-pyridin-2-yI-benzaxnide 

Step c) The product of step B was convened to the corresponding trichloroketone 
according to the protocol outlined in step A of Example 1. 

15 

10-[2-ChIoro-4-(2-pyridin-2-yI-benzoyIamino)-benzoyI]-10,ll-dihydro- 
5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxyIic acid 

Step d) The trichloroketone prepared in step C was hydrolyzed to the title acid 
20 according to the protocol outlined in step B of Example 1. 

10-[2-Chloro-4-(2-pyridin-2-yl-benzoylamino)-benzoyl]-10,ll-dihydro- 
5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxylic acid-pi perazine-N- 
methyl amide 

25 

Step d) The acid prepared in step D was converted to its N-methyl piperazine 
amide via Method B in Example 9 
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EX AMPLE 23 

10-r2-Bromo-4-f2-Dvridin-2-vl-ben7Ovlamino)-ben7Ovl1-lQ.ll-dihvdrn- 
5H-Dvrrolor2.1-cin.41benzodiazeDine-3>carboxvlic acid -1.1- 
5 dimethvlhvdrazide 

N.[3-Bromo-4-(5H,llH.pyrrolo[2,l-c][l,4]benzodiazepine.lO- 
carbonyl)-phenyI]-2-pyridin-2-yl-benzamide 

10 Step a) Methyl 2-bromo-4-aminobenzoate 

A solution of 2-(pyridin-2-yl)benzoic acid (2.85 g, 14.3 mmol) in dry tetrahydrofuran 
(20 ml) was treated with 1 drop of dimethylformamide followed by oxalyl chloride 
(1.5 ml, 17.1 mmol) in dry tetrahydrofuran (5 ml). When the gas evolution stopped the 
mixture was warmed to reflux for 5 minutes coooled to room temperature and 

15 concentrate d in vacuo to a bright yellow solid. The solid was slurried with 
tetrahydrofuran (20 ml) and concentrated again. The crude acid chloride was used in 
the next step without further purification. 

Step b) Methyl 2-Bromo-4-[(2-pyridin-2-yl-benzoyl)amino]benzoate 

20 A solution of methyl 2-bromo-4-amino benzoate (3 g, 13 mmol) and triethylamine (2.5 
ml, 18 mmol) in dichloromethane (50 ml) was cooled to CP and was treated with a 
slurry of 2-(pyridin-2-yl)benzoyl chloride in dichloromethane (20 ml). Stirring at room 
temperature was maintained for 4 hours. The reaction was quenched with 20% acetic 
acid, wash sequentially with saturated aqueous sodium bicarbonate, water then 

25 saturated brine solution. The solution was dried (MgS0 4 ), filtered and concentrated in 
vacuo to give 5.23 g of a white foam. MS (+FAB) m/z 411/413 (M+H)+. 

Analysis for: C20H15BrN2O3 
Calcd: C, 58.41; H, 3.68; N, 6.81. 
30 Found: C, 57.73; H, 3.66; N, 6.54. 

Step c) 2-Bromo-4-[(2-pyridin-2-yl-benzoyI)amino]benzoic acid 
A solution of methyl 2-bromo-4-[(2-pyridin-2-yl-benzoyl)amino]benzoate in methanol 
(100 ml) was treated with IN sodium hydroxide (15 ml, 1.2 eq). The solution was 
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warmed to reflux for 3.5 hours and additional IN sodium hydroxide was added (10,4 
ml., 2 eq total). Reflux was maintained for 2 additional hours and the reaction was 
stirred at room temperature overnight. The sample was concentrated in vacuo to a 
syrup and diluted with water. The aqueous solution was washed with ethyl acetate and 
5 the aqueous layer was adjusted to a pH of 4.5-5 with acetic acid. The product was 
precipitated, filtered and air dried to give a tan solid (4.43 g). MS (EI) m/z: 397/399 
(M+). 

Step d) 2-Bromo-4-[(2-pyridin-2-yl-benzoyl)amino] benzoyl 
10 chloride 

To a solution of 2-bromo-4-[(2-pyridin-2-yl-benzoyl)amino]benzoic acid (1.4 g, 3.52 
mmol) in anhydrous tetrahydrofuran (25 ml), under nitrogen, was added 1 drop of 
dimethylformamide followed by the addition of oxalyl chloride (0.37 ml, 4.23 mmol). 
The mixture was stirred at room temperature until there was no further evolution of gas 
15 and then heated to reflux. The reaction mixture was cooled to ambient temperature and 
concentrated in vacuo to produce a tan solid (1.385g) which was used without further 
purification. 

Step e) N.[3-Bromo.4-(5H,llH-pyrroIo[2,l-c][l,4] 
20 benzodiazepine-10-carbonyl)"phenyl]-2-pyrid!n-2-yl-benzamide 

To a stirred solution of 10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine (0.54 g. 
2.93 mmol) in dichloromethane (35 ml), under nitrogen, was added triethylamine (0.49 
ml, 3.52 mmol). The mixture was cooled to 0°C before a suspension of the crude 2- 
methoxy-4-[(2-pyridin-2-ylbenzoyl)-amino]benzoyl chloride (1.4g) in dichloromethane 

25 (5 ml) was added dropwise. After the addition was complete, the reaction mixture was 
allowed to warm to room temperature. After 18 hours the reaction mixture was poured 
into water and sequentially washed with water, saturated aqueous sodium bicarbonate, 
twice with 10% aqueous acetic acid, once with saturated aqueous sodium bicarbonate 
and once with water. The organic solution was dried (Na 2 S0 4 ), filtered and 

30 concentrated in vacuo to yield a dark purple foam (1.73 g). Purification by flash 
chromatography on silica gel with hexane-ethyl acetate (1:2) as the mobile phase, 
followed by concentration in vacuo , resulted in a white solid (1.23 g), m.p. 227.5- 
229°C. MS (ESI),m/z: 563 (M + ). 
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Analysis for: C 31 H 23 BrN 4 0 2 
Calcd: C, 66.08; H, 4.11; N, 9.94 
Found: C, 65.84; H, 3.86; N, 9.85 

5 N-{3.Bromo.4-[3-(trichlorocarbonyl).(5H,llH-pyrrolo[2,l-c][l,4]- 
benzodiazepine-10-carbonyl)-phenyl}-2-pyridin-2-yl-benzamide 

Step f) The product of step E was converted to the corresponding trichloro- 
ketone according to the protocol outlined in step A of Example 1. 

10 

10-[2-Bromo-4-(2-pyridin-2-yl-benzoylamino)-benzoyl]-10,ll-dihydro- 
5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxylic acid 

Step g) The trichloroketone prepared in step F was hydrolyzed to the tide acid 
15 according to the protocol outlined in step B of Example 1. 

10-[2-Bromo-4-(2-pyridin-2-yl-benzoylamino)-benzoyl]-10,ll-dihydro- 
5H-pyrrolo[2,l-c][l,4]benzodiazepine-3-carboxylic acid 1,1- 
dimethylhydrazide 

20 

Step h) The trichloroketone prepared in step F was treated with 1,1 dimethyl 
hydrazine according to the protocol outlined in Example 8. 

EXAMPLE 24 

25 10-r2-Chloro-4^8-auinoloinv!vlflmino)-benzovn-10Jl->dihvdro-5H- 

PYrr9»9r2J>Cirii41bgnyQdia/gping-3^arl?9XYlig ayifl-pipgrazine-N- 

methvl amide 

Quinoline-8-carboxylic acid [4-(5H,llH-pyrroIo[2,l-c][l,4]- 
30 benzodiazepine- 10-carbonyl)-3 chloro-phenyl]-amide 



Step a) The compound of Example 24 was prepared in the same manner 
described in Example 19 Steps 19a and 19b. In Step 19a, quinoline-8-carboxylic acid 



WO 98/20011 



PCT/US97/18918 



-51- 

was substituted for 2-bromobenzoic acid. The title compound was obtained as a white 
powder (0.69 g) m.p. 230-23 1°C. 

Analysis for: C 29 H 21 C1N 4 0 2 + 0.33 H 2 0 
5 Calcd: C, 69.81; H, 4.38; N, 11.23 
Found: C, 69.81; H, 4.09; N, 11.14 

QuinoIine-8-carboxyIic acid-4-[3-(trichlorocarbonyI )(5H,llH-pyrrolo[2,l- 
c][l,4]benzodiazepine-10-carbonyI)-3 chloro-phenyl] -amide 

10 

Step b) The product of step A was converted to the corresponding trichloro- 
ketone according to the protocol outlined in step a of Example 1. 

10-[2-ChIoro-4-(8-quinolincarboxamido)-benzoyIl-10,ll-dihydro-5H- 
15 pyrrolo 

[2,l-c][l,4]benzodiazepine-3-carboxylic acid 

Step c) The trichloroketone prepared in step b was hydrolyzed to the tide acid 
according to the protocol outlined in step b of Example 1. 

20 

10-[2-Chloro-4-(8-quinolinylamino)-benzoyl]-10,ll-dihydro-5H- 
pyrrolo 

[2,l-c][l,4]benzodiazepine-3-carboxyIic acid -piperazine-N-methyl 
amide 

25 

Step d) The acid prepared in step c was converted into its N-methyl piperazine 
amide using method B of Example 9. 
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EXAMPLE 25 



2-Phenvl-cvclopenM-enecarhoxvlic acid r3-chloro-4-(3-carhoxvlic acid 
(2-dimethvlaniino- ethvn-methvl-amide -5H JlH-PvrroIor2.1 cUl.41- 
5 henzodiazepine-lQ-carbonvn-Dhenvn-amide 

Step a) [2-PhenyI-cycIopent-l-enecarboxyIic acid] 

Sodium hydroxide (IN) (10.7 ml, 11.8 mmol) was added to a refluxing solution of 2- 
phenyl-cyclopent-l-enecarboxylic acid methyl ester (2.32 g, 10.7 mmol) (Lin et al. f J. 

10 Chin. Chem. Soc, 1993, 40, 273-282) in methanol (40 ml). The reaction was 
refluxed for 2 hours. The volatiles were removed in vacuo and the residue partitioned 
between ethyl acetate and (IN) hydrochloric acid. The aqueous layer was re-extracted 
with ethyl acetate, and the organic extracts combined and dried (MgS0 4 ). Evaporation 
of the solution in vacuo gave a pale yellow solid, which was recrystallized from 

15 acetone/hexane to give a white solid (1.27 g) m.p. 145-146°C. 
Analysis for: C 12 H 12 0 2 
Calcd: C, 76.57; H, 6.43; N, 
Found: C, 76.47; H, 6.35; N, 

20 Step b) 2-phenyI-cyclopent-l-enecarbonyl chloride 

To solution of 2-phenyl-cyclopent-l-enecarboxylic acid (0.43 g, 2.28 mmol) in 
dichloromethane (20 ml) was added via syringe dimethylformamide (1 drop) and then 
neat oxalyl chloride (0.4 ml, 4.56 mmol). The reaction was stirred at room temperature 
for 2 hours and then the volatiles were removed in vacuo . The residue was redisolved 
25 in dichloromethane, concentrated in vacuo and dried under high vacuum for 15 minutes 
to give an amber oil which was used directly in the next step without further 
purification. 

Step c) 2-PhenyI-cyclopent-l-enecarboxylic acid [4-(5H,llH- 
30 pyrrolo-[2,l-c][l,4]ben/odiazepine-10-carbonyl)-3-chloro-phenyl]- 
amide 

The product from Example 25 step b, 2-phenyl-cyclopent-l-enecarbonyl chloride was 
dissolved in dichloromethane (20 ml) and added at room temperature to a solution of 
10,1 l-dihydro-10-(2-chloro-4-am^ 
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(0.77 g, 2.28 mmol, 4-dimethylaminopyridine (cat) in dichloromethane (20 ml). 
Triethylamine (0.38 ml, 2.74 mmol) was then added via syringe. The reaction was 
stirred for 16 hours, diluted with dichloromethane and washed with sodium 
bicarbonate, (IN) hydrochloric acid, and brine. The dichloromethane solution was 
5 dried (MgS0 4 ) and concentrated in vacuo to give a yellow solid. Purification by flash 
chromatography (eluting solvent chloroform/methanol 50/1 and hexane/ethyl acetate 
2/1) afforded a white solid (0.70 g) m.p. 12M22°C. 

Analysis for: H 26 CI N 3 0 2 
10 Calcd: C, 73.29; H, 5.16; N, 8.27 
Found: C, 73.18; H, 5.02; N, 8.11 

2-PhenyI-cyclopent-l-enecarboxylic acid [3-chloro-4-(3-trichIoro- 
carbonyl)-SH,llH-pyrroIo[2,l-c][l,4]benzodiazepine-10-carbonyI)- 
15 phenyl]-amide 

Step d) The product of step C was converted to the corresponding trichloroketone 
according to the protocol outlined in step A of Example 1 . 

20 2-Phenyl-cyclopent-l-enecarboxylic acid [3-chloro-4-(3-carboxylic acid- 
5H,llH.pyrrolo[2,l-c][l,4]benzodiazepine-10-carbonyI)-phenyl]-amide 

Step e) The trichloroketone prepared in step D was hydrolyzed to the title acid 
according to the protocol outlined in step B of Example 1. 

25 

2-PhenyI-cyc!opent-l-enecarboxyIic acid [3-chIoro-4-(3-carboxyIic acid 
(2-dimethylamino- ethyl)-methyl-amide -5H,llH-pyrroIo[2,l c][l,4]- 
benzodiazepine-10-carbonyl)-phenyl]-amide 

30 Step f) The amide was prepared by reaction of the acid prepared in step e, above, 
according to the protocol outlined in Example 10 
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Effects on the Antagonism of Endogenous Arginine Vasopressin 
Antidiuretic (V2) Response in Conscious Rats with Free Access to Water 
Drinking Before but not During the Experiment: 

5 Male or female normotensive Sprague-Dawley rats (Charles River Laboratories, 

Inc., Kingston, NY) of 400-450 g body weight were supplied with Laboratory Rodent 
Feed #5001 (PMI Feeds, Inc., Richmond, IN) and water ad libitum. On the day of 
test, rats were placed individually into metabolic cages equipped with stainless steel 
screens (to separate the feces from the urine) and funnels for collection of urine. 
10 Vehicle or reference agent was given at various oral doses. During the test, rats were 
not provided with water or food. Urine was collected for four hours after dosing of the 
test compound. At the end of four hours, urine volume was measured. Urinary 
osmolality was determined using a Fiske One-Ten Osmometer (Fiske Associates, 
Norwood, MA, 02062). or an Advanced CRYOMATIC Osmometer, Model 3C2 

15 (Advanced Instruments, Norwood, MA). Determinations of Na + , K + and CI" ion 
were carried out using ion specific electrodes in a Beckman SYNCHRON EL-ISE 
Electrolyte System analyzer. In the following results, increased urine volume and 
decreased osmolality relative to AVP-control indicates activity. The results of this test 
on representative compounds of this invention are shown in Table 5. 

20 

Binding to Membranes of Mouse Fibroblast Cell Line (LV-2) 
Transfected with the cDNA Expressing the Human V2 Vasopressin 
Receptor 

Membrane Preparation 

25 

Flasks of 175 ml capacity, containing attached cells grown to confluence, are 
cleared of culture medium by aspiration. The flasks containing the attached cells are 
rinsed with 2x5 ml of phosphate buffered saline (PBS) and the liquid aspirated off each 
time. Finally, 5 ml of an enzyme free dissociation Hank's based solution (Specialty 
30 Media, Inc., Lafayette, NJ) is added and the flasks are left undisturbed for 2 min. The 
content of all flasks is poured into a centrifuge tube and the cells pelleted at 300 x g for 
15 min. The Hank's based solution is aspirated off and the cells homogenized with a 
polytron at setting #6 for 10 sec in 10.0 mM Tris.HCl buffer, pH 7.4 containing 0.25 
M sucrose and 1.0 mM EDTA. The homogenate is centrifuged at 1500 x g for 10 min 
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to remove ghost membranes. The supernatant fluid is centrifuged at 100,000 x g for 60 
min to pellet the receptor protein. Upon completion, the pellet is resuspended in a small 
volume of 50.0 mM Tris.HCl buffer, pH 7.4. The protein content is determined by the 
Lowry method and the receptor membranes are suspended in 50.0 mM Tris.HCl buffer 
5 containing 0.1 mM phenylmethylsulfonylfluoride (PMSF) and 0.2% bovine serum 
albumin (BSA) to give 2.5 mg receptor protein per ml of suspension. 

Raptor Binding 

10 For binding experiments, the following is added in ml volume to wells of a 96 

well format of a microti ter plate: 100.0 ml of 100.0 mM Tris.HCl buffer containing 
0.2% heat inactivated BSA, 10.0 mM MgCl2 and a mixture of protease inhibitors: 
leupeptin, 1.0 mg %; aprotinin, 1.0 mg %; 1,10-phenanthroline, 2.0 mg %; trypsin 

inhibitor, 10.0 mg % and 0.1 mM PMSF, 20.0 ml of [^H] Arginine^, vasopressin 
15 (S.A. 75.0 Ci/mmole) at 0.8 nM and the reaction initiated by the addition of 80.0 ml of 
tissue membranes (200.0 mg tissue protein). The plates are left undisturbed on the 
bench top for 120 min to reach equilibrium. Non specific binding is assessed in the 
presence of 1.0 mM of unlabeled ligand, added in 20 ml volume. For test compounds, 
these are solubilized in 50% dimethylsulfoxide (DMSO) and added in 20.0 ml volume 
20 to a final incubation volume of 200 ml. Upon completion of binding, the content of 
each well is filtered off, using a Brandel® cell Harvester (Gaithersburg, MD). The 
radioactivity trapped on the filter disk by the ligand-receptor complex is assessed by 
liquid scintillation counting in a Packard LS Counter, with an efficiency of 65% for 
tritium. The data are analyzed for IC50 values by the LUNDON-2 program for 
25 competition (LUNDON SOFTWARE, OH). 

The results of this test on representative compounds of this invention are shown in 
Tables. 
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Table 5 

Rat Urine Volume Data* and Binding Assay to Membranes of Mouse 
Fibroblast Cell Line ( LV-21 Transfected with the cDNA Exnressing the 

Human V2 Receptor 

5 

Example Number Urine Volume Vasopressin 
Binding 

(ml/4 hrs) Human V2 

Receptor 

10 10 mg/kg rat p.o. nM 

Example 1 13.2 14 

Example 2 11.5 

Example 3 22 15 

15 Example 4 9.2 60 

Example 5 9. 1 60 

Example 6 5.6 

Example 7 19.2 4.3 

Example 8 40.9 8.6 

20 Example 9 23.7 3.3 

Example 10 22.2 5.5 

Example 11 20.5 9.3 

Example 12 21.4 

Example 13 16.8 

25 Example 14 11.3 

Example 15 19.3 10.7 

Example 16 24.3 

Example 17 9.4 

Example 18 7.8 7.6 



30 



*Volume of urine produced in a 4 hour time period by the oral administration 
of 10 mg/kg dose to rats. 
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What is Claimed; 

1 . A compound of the formula: 




wherein; 

R is selected from -OH, -NR 1 R 3> -NHOR,, -NH-(CH^-COOH, 




R,and R 2 are, independently, hydrogen or lower alkyl; 
R 3 is selected from the group of: 

X is CH 2 , NR„ O, S; 
p is 1 to 4; 
qis 2 to 4; 

R 4 and R 5 are, independently, selected from hydrogen, lower alkyl, 
halogen, amino, cyano, trifluoromethyl, hydroxy, or lower 
alkoxy; 
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R 6 is a moiety of the formula: 
0 

II 

-C-Ar 

Ar is a moiety selected from 




R 7 and R g are independently selected from the group of hydrogen, halogen, 
cyano, lower alkyl, lower alkoxy, hydroxy, or trifluoromethyl; 
R, is a moiety of the formula: 

10 

-v. 

o 

R 10 is selected from C 3 -Cj cycloalkyl, cyclopentenyl, cyclohexenyl, or the 

moiety 




Ar* is a moiety selected from 
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R u and R 12 are selected independently from hydrogen, F, CI, Br, cyano, lower 
alkyl, lower alkoxy, phenoxy, substituted phenoxy, or trifluorornethyl; 

5 Af* is selected from: 

a) phenyl; 

b) a five membered aromatic (unsaturated) heterocyclic ring having 
one or two heteroatoms selected from N, O, S; 

c) a five membered aromatic (unsaturated) heterocyclic ring having 
10 three or four nitrogen atoms; or 

d) a six membered aromatic (unsaturated) heterocyclic ring having 
one, two or three nitrogen atoms; 

and Ar" may be optionally substituted with halogen, lower alkyl, hydroxy, 
lower alkoxy, or trifluorornethyl; 
15 or a pharmaceutical^ acceptable salt, ester or prodrug form thereof. 

2. A compound of Claim 1 having the formula: 




20 

wherein 

R is selected from -OH, -NR,R 3 , -NH-fCH^-COOH, 
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10 



15 



R, and R 2 are, independently, hydrogen or lower alkyl; 
R 3 is 

.(CH 2 )Cr-N 

<^ v > 

R 2 

X is CH 2 , NR P 0, S; 
n is 1 to 4; 
qis 2 to 4; 

R 4 and R 5 are independently selected from the group of hydrogen, lower alkyl, 

halogen, amino, hydroxy, cyano, trifluormethyl, or lower alkoxy; 
R 6 is a moiety of the formula: 

O 

ii 

-C-Ar 

Ar is a moiety selected from 




Re 

R 7 and R 8 are independently selected from hydrogen or halogen; lower alkoxy; 
R, is a moiety of the formula: 



?> ?- ?• 

o o 0 



R 10 is a moiety of the formula 
Ar", 



20 



Ar' is a moiety selected from 
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15 



Ar" 



-o; 



I R11 
Rn 

R n and R 12 are selected independently from hydrogen, F, CI, Br, cyano, lower 

alkyl, lower alkoxy, trifluoromethyl, phenoxy or substituted phenoxy having 
the structure: 

5 R 14 

wherein R 14 is selected from hydrogen, halogen, cyano, lower alkyl, lower alkoxy, 
hydroxy, or trifluoromethyl; 

Ar" is selected from phenyl 2-pyridyl or a five membered aromatic 
10 (unsaturated) heterocyclic ring having one or two heteroatoms selected 

from N, O, S; 

or a pharmaceutical^ acceptable salt, ester or prodrug form thereof. 



3. A compound of Claim 1 having the formula: 
0= 




wherein 

R is selected from OH, NR,R 3 or 



20 R, and R 2 are independently hydrogen or lower alkyl; 



R 3 is 
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10 



20 



(CH 2 )q-N 



/I 
R 2 



qis 2 to 4; 

R 6 is a moiety of the formula: 
0 

II 

-C-Ar 

Ar is a moiety selected from 




R 7 and R g are independently selected from hydrogen or halogen; 
R, is 

AC 

or ^N^y^ Ri ° 
O 



15 R, 0 is a moiety of the formula; 

Ar", 




Ar" is selected from phenyl or a five membered aromatic (unsaturated) 
heterocyclic ring having one or two heteroatoms selected from N, O, S; 
or a pharmaceutical^ acceptable salt, ester or prodrug form thereof. 

4. A compound of Claim 1 which is 10-[2-Chloro-4-(5-fluoro-2-methyl- 
benzoylamino)-benzoyl] - 1 0, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [1 ,4]benzodiazepine-3- 
carboxylic acid or a pharmaceutically acceptable salt, ester or prodrug form thereof. 
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5. A compound of Claim 1 which is 10-[2-Chloro-4-(5-fluoro-2-methyl- 
benzoylamino)-benzoyl]- 1 0, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [ 1 ,4] benzodiazepine-3- 
carboxylic acid, potassium salt (1:1). 

5 

6. A compound of Claim 1 which is N-{3-Chloro-4-[3-(N\ N-dimethyl- 
hydrazinocarbony 1)-5H, 1 1 H-pyrrolo[2,l -c] [ 1 ,4]benzodiazepine- 10-carbonyl]-phenyl }- 
5-fluoro-2-methyl-benzamide or a pharmaceutically acceptable salt, ester or prodrug 
form thereof. 

10 

7. A compound of Claim 1 which is 2-[[10-[2-Chloro-4-[(5-fluoro-2- 
methylbenzoyl)amino]bnezol] - 1 0, 1 1 -dihdro-5H-pyrrolo { 2, 1 -c] [ 1 ,4]benzodiazepin-3- 
yl]carbonyl]-l,l,l-trimethylhydrazinium iodide or a pharmaceutically acceptable salt, 
ester or prodrug form thereof. 

15 

8. A compound of Claim 1 which is 2-[[10-[2-Chloro-4-[(5-fluoro-2- 
methylbenzoyl)amino]benzoyl]- 10, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [ 1 ,4]benzodiazepin- 
3-yl]hydroxymethylene]-l,l ,1-trimethylhydrazinium inner salt or a pharmaceutically 
acceptable salt, ester or prodrug form thereof. 

20 

9. A compound of Claim 1 which is N-[5-[3-trichloromethylcarbnyl]-[5H- 
pyrrolo-[2, 1 -c]-[ 1 ,4] -benzdiazapin- 1 0(1 lH)-yl]carbonyl]-2-chlorophenyl]-2-phenyl- 
benzamide or a pharmaceutically acceptable salt, ester or prodrug form thereof. 

25 10. A compound of Claim 1 which is 10-{4-[(Bipheny-2-carbonyl)-amino]- 

2-chloro-benzoyl)- 10,11 -dihydro-5H-benzo[e]pyrrolo[ 1 ,2- a] [ 1 ,4] diazepine-3- 
carboxylic acid or a pharmaceutically acceptable salt, ester or prodrug form thereof. 

11. A compound of Claim 1 which is 10-(4-[(Biphenyl-2-carbonyl)-amino]- 
30 2-chloro-benzoyl)-10,ll-dihydro-5H-benzo[e]pyrrolo[l,2-a[l,4]diazepine-3- 

carboxylic acid-piperazine-N-methyl amide or a pharmaceutically acceptable salt, ester 
or prodrug form thereof. 

12. A compound of Claim 1 which is 10-{4-[(Biphenyl-2-carbonyl)-amino]- 
35 2-chloro-benzoyl ) - 1 0, 1 1 -di hydro- 5H-pyrrolo[2, 1 -c] [ 1 ,4] benzodiazepine-3-carboxylic 

acid (2-dimethylamino- ethyl)-methyl-amide or a pharmaceutically acceptable salt, ester 
or prodrug form thereof. 
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13. A compound of Claim 1 which is Biphenyl-2- carboxylic acid {3- 
chloro-4-[3-(4-piperidi ny 1-piperidine- 1 -carbony 1)-5H, 1 1 H-pyrrolo[2, 1 -c] [ 1 ,4]- 
benzodiazepine- 10-carbonyl]-phenyl} -amide or a pharmaceutically acceptable salt, ester 

5 or prodrug form thereof. 

14. A compound of Claim 1 which is Biphenyl-2-carboxylic acid{3-chloio- 
4-[3-(4-dimethy lamino-piperidi ne- 1 -carbony 1)-5H, 1 1 H-pyrrolo[2, 1 -c] [ 1 ,4] benzo- 
diazepine- 10-carbonyl] -phenyl) -amide or a pharmaceutically acceptable salt, ester or 

10 prodrug form thereof. 

15. A compound of Claim 1 which is Biphenyl-2-carboxylic acid{3-chloro- 
4-[3-(4-methyl-piperazine-l-aminocarbonyl)-5H,nH-pyrrolo[2,l-c][l,4]benzo- 
diazepine-10-carbonyl]-phenyl]-amide or a pharmaceutically acceptable salt, ester or 

15 prodrug form thereof. 

16. A compound of Claim 1 which is 10-(4-[(Biphenyl-2-carbonyl)-amino]- 
2-chloro-benzoyl }- 10, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [1 ,4] benzodiazepine- 3-carboxylic 
acid (2-dimethylamino-ethyl)-amide or a pharmaceutically acceptable salt, ester or 

20 prodrug form thereof. 

17. A compound of Claim 1 which is Biphenyl-2-carboxylic acid{3-chloro- 
4- [3-(4-morpholino-piperidine- 1 -carbony 1)- 5H, 1 1 H-pyrrolo [2, 1 -c] [ 1 ,4] benzo- 
diazepine-10-carbonyl]-phenyl) -amide or a pharmaceutically acceptable salt, ester or 

25 prodrug form thereof. 

18. A compound of Claim 1 which is 10-(4-[(Biphenyl-2-carbonyl)-amino]- 
2-methoxy-benzoyl)- 1 0, 1 1 -dihy dro-5H-benzo[e] pyrrolo[ 1 ,2-a[ 1 ,4]diazepine-3- 
carboxylic acid piperazine-N-methyl amide or a pharmaceutically acceptable salt, ester 

30 or prodrug form thereof. 

19. A compound of Claim 1 which is 10-(4-[(Biphenyl-2-carbonyl)-amino]- 
2-methoxy-benzoyl)-10,ll-dihydro-5H-benzo[e]pyrrolo[l,2-a[l,4]diazepine-3- 
carboxylic acid-l,l-dimethyl hydrazide or a pharmaceutically acceptable salt, ester or 

35 prodrug form thereof. 
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20. A compound of Claim 1 which is 10-{4-[(Biphenyl-2-carbonyl)-amino]- 
2-chloro-benzoy 1 ) - 1 0, 1 1 -dihydro- 5H-pyrrolo [2, 1 -c] [ 1 ,4] benzodi azepine-3-carboxylic 
acid (glycyl)- amide or a pharmaceutically acceptable salt, ester or prodrug form 
thereof. 

5 

21. A compound of Claim 1 which is 10-[2-Chloro-4-(2-thiophen-2-yl- 
benzoylamino)-benzoy 1] -10,11 -di hydro-5H-pyrrolo[2, 1 -c] [ 1 ,4] benzodiazepine-3- 
carboxylic acid- 1,1 -dimethylhydrazide or a pharmaceutically acceptable salt, ester or 
prodrug form thereof. 

10 

22. A compound of Claim 1 which is 10-[2-Chloro-4-(3-pyridin-2-yl- 
ben zoylamino)-benzoyl] -10,11 -di hydro-5H-pyrrolo[2, 1 -c] [ 1 ,4] benzodiazepine-3- 
carboxylic acid-piperazine-N-methyl amide or a pharmaceutically acceptable salt, ester 
or prodrug form thereof. 

15 

23. A compound of Claim 1 which is 10-[2-Chloro-4-(4-pyridin-2-yl- 
benzoylamino)-benzoyl]- 10, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [ 1 ,4]benzodiazepine-3- 
carboxylic acid (2-dimethylamino- ethyl)-methyl-amide or a pharmaceutically acceptable 
salt, ester or prodrug form thereof. 

20 

24. A compound of Claim 1 which is 10-[2-Chloro-4-(2-pyridin-2-yl- 
benzoylamino)-benzoyl]- 1 0, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [ 1 ,4]benzodiazepine-3- 
carboxylicacid-piperazine-N-methyl amide or a pharmaceutically acceptable salt, ester or 
prodrug form thereof. 

25 

25. A compound of Claim 1 which is 10-[2-Bromo-4-(2-pyridin-2-yl- 
benzoylamino)-benzoyl]-10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine-3- 
carboxylic acid -1,1 -dimethylhydrazide or a pharmaceutically acceptable salt, ester or 
prodrug form thereof. 

30 

26. A compound of Claim 1 which is 10-[2-Chloro-4-(8- 
quinoloinylylamino)-benzoyl]-10,ll-dihydro-5H-pyrrolo[2,l-c][l,4]benzodiazepine-3- 
carboxylic acid -piperazine-N-methyl amide or a pharmaceutically acceptable salt, ester 
or prodrug form thereof. 

35 



WO 98/20011 



PCT7US97/18918 



-66- 

27. A compound of Claim 1 which is 2-Phenyl-cyclopent-l-enecarboxylic 
acid [3-chloro-4-(3-carboxylic acid (2-dimethylamino- ethyl)-methyl-amide -5H,11H- 
pyrrolo[2,l c][l,4]benzodiazepine-10-carbonyl)-phenyl]-amide or a pharmaceutically 
acceptable salt, ester or prodrug form thereof. 

5 

28. A compound of Claim 1 which is 10-{4-[(Biphenyl-2-carbonyl)-amino]- 
2-chloro-benzoyl } - 1 0, 1 1 -dihydro-5H-pyrrolo[2, 1 -c] [ 1 ,4]benzodiazepine-3-carboxylic 
acid (glycyl)- amide or a pharmaceutically acceptable salt, ester or prodrug form 
thereof. 

10 29. A pharmaceutical composition useful for treating disease in a mammal 

characterized by excess renal reabsorption of water, the pharmaceutical composition 
comprising an effective amount of a compound of Claim 1, or a pharmaceutically 
acceptable salt, ester or prodrug form thereof, and a suitable pharmaceutical carrier. 

15 30. The pharmaceutical composition of Claim 29 wherein the disease in a 

mammal characterized by excess renal reabsorption of water is congestive heart failure, 
nephrotic syndrome, hyponatremia, coronary vasospasm, cardiac ischemia, renal 
vasospasm, liver cirrhosis, the Syndrome of Inappropriate Anti-Diuretic Hormone 
Secretion, brain edema, cerebral ischemia, or cerebral hemorrhage- stroke. 

20 

31. A method for treating disease in a mammal characterized by excess renal 
reabsorption of water, the method comprising administering to a mammal in need 
thereof an effective amount of a compound of Claim 1, or a pharmaceutically acceptable 
salt, ester or prodrug form thereof, and a suitable pharmaceutical carrier. 

25 

32. The method of Claim 31 wherein the disease in a mammal characterized 
by excess renal reabsorption of water is congestive heart failure, nephrotic syndrome, 
hyponatremia, coronary vasospasm, cardiac ischemia, renal vasospasm, liver cirrhosis, 
the Syndrome of Inappropriate Anti-Diuretic Hormone Secretion, brain edema, cerebral 

30 ischemia, or cerebral hemorrhage-stroke. 

33. A process for preparing a compound of formula I as defined in 
claim 1 which comprises one of the following: 



35 



a) reacting a compound of formula: 
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where R4, R5 and Rg are as definedin claiml, and hal is a halogen, eg 
chlorine 

with a amine of formula 



HNZ1Z2 

wherein -NZ^, may be -NR^, NHORj, -NH-(CH 2 ) n -COOH > 




wherein n, X, Rj, R 2 and R3 are as defined claiml, 

to give a corresponding compound of formula I wherein R is as defined 
above; 



or 

b) treating a compound of formula: 
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where R4, R5 and Rg are as defined claiml, and hal is a halogen, eg chlorine, 

with aqueous base to give a corresponding compound of formula I wherein R 
is OH; 

or 

c) acylating a compound of formula: 




wherein R, R4 and R5 are as defined claiml, with the exception that R is not 

OH; 
Rl4is 




wherein R7 and R8 are as defined claiml, with an acid of formula 
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H0 Y A ' Y Y^ A ' 

o 0 o 

or a reactive derivative thereof, eg acid halide or anhydride, 

and to give a corresponding compound of formula I wherein R9 is as defined 

claiml. 
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